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.ABSTRACT . 

This study, which examines the extent to which 
information technology could serve American needs for education and 
.training, documents two basic sets of conclusions: (1) the so-called 
information revolution is profoundly affecting American education by 
changing the nature of what needs to^ be learned, who needs to learn 
it, who will provide it, and how it will be provided and paid for; 

^.and (2) information technology can potentially improve and enrich 
educational services provided by traditidnal educational 
institutions, distribute education and training into, new environments 
such as the home and office, reabh new clients such as the 
handicapped and homebound, and teach job-related Skills in the us« pf 
technology. This report provides an ^overview of the issues involved 
in educational applications of the new technologies, examining both 
the demands that will be made on education and the opportunities 
these technologies^ will afford to meet those demands. A widflf variety, 
of new inf ormation\products. and services is examined, including those 
based on the combined capabilities of computers, telecommunications 
systems, and video technologies. The effects which information 
technologies may hav^ on the roles of a broad range of educational^ 
providers are also examined. Seventeen case studies of information 
technology applicatiofis are appended. (LMM) 
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Foreword 



Over the last decade, American education has come to face a number of new 
demands that must be met with limited resovu'ces. Many of these new demands 
arise from the rising dependence of our society on technology as a basis for domestic 
economic growth, international competitiveness, and national security. In October 
1980, the House Conmiittee on Education and Labor, its Subcommittee on Special 
Education, and the SubcOnmiittee on Science, Research, and Technology of the 
House Committee on Science and Technology asked OTA to examine the extent 
to which information technology could serve American needs for education and 
training. 

This report documents two basic sets of conclusions: 

1. The so-caUed information revohition, driven by rapid advances in communica- 
tion and computer technology, is profoundly affecting American education. 
It is changing the nature of what needs to be learned, who needs to learn it, 
who will provide it, and how it wiU be provided and^aid for. 

2. Information technology can potentially improve and ranch the educational « 
services that traditional educational institutions provide, distribute educa- 
tion and training into new environments such as the home and office, reach 
new clients such as handicapped or homebound persons, and teach job-related 
skills in the use of technology. 

The OTA report provides an overview of the issues relating to the educational 
applications of the new information technologies. It examines both the demands 
that the information revolution will make on education and the opportunities af- 
forded by the new information technologies to meet those demands. Rather than 
focusing on a single technology, it examines a wide variety of new information 
products and servi<^es such as those based on the combined capabilities of com- 
puters, telecommunications systems, and video technologies. Similarly, the report 
surveys a broad range of educational providers, and examines how the applica- 
tion of information technologies may affect their abilities to provide education 
an|d their respective educational roles. 

OTA acknowledges with thanks and appreciation the advice and counsel of 
the panel members, contractors, other agencies of Government^ and individual 
participants who helped bring the study to completion. 
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Chapter 1 

Summary 



Modern society is undergoing profound 
technological and social changes brought 
about by what has been called the information 
revolution. This revolution is characterized by 
explosive developments in electronic infbrma- 
tion technologiee and by their integration into 
complex information systems that span the 
globe. The impacts of this revolution aiffect in- 
dividuals, institutions, and governments— al- 
tering what they do, how they do it, and how 
they relate to one another. 

If individuals are to thrive economically and 
socially in a world that will be shaped, to a 



large degree, by these technological develop- 
ments, they must adapt through education 
and training. Already there is evidence of 
demands for new types of education and train- 
ing, and of new institutions emerging ^ fill 
these demands. The historical relationship be- 
tween education and Government will he af- 
fected by the role that Government plays in 
enabling educational institutions to respond 
to the changes created by these technologies. 



Backg^round 



Historically, the Federal Government's in- 
terest in educational technology has been spo- 
radic—rising as some promising new technol- 
ogy appeared and falling as that technology 
failed to achieve its promise. Attention was 
focused, moreover, on the technology itself 
and not on the broader educational environ- 
ment in which it was to be used. In the lato 
1960's, for example, the Federal Government 
funded a number of research and development 
(R&D) projects in the use of computer-assisted 
instruction (CAI). Interest in the projects 
waned, however, given the high costs of hard- 
ware and curricula and the failure to integrate 
computer-based teaching methods into the in- 
stitutional structure of the school. 

Over the last decade. Federal funding for 
R&D in educational information technology' 
has dropped precipitously. At the same time, 
development and applications of information 
technology have advanced rapidly in many 
sectors. Public schools, beset by problems that 
such technology might mitigate, have lagged 
behind in adapting to technological changes. 
In view of this situation, OTA was asked in 
October 1980 to reexamine the potential role 
of new information ttehnology in education. 
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The assessment was initiated at the request 
of: 1) the Subcgmmittee on Select Education 
of the House Committee on Education and 
Labor; and 2) the House Subcommittee on Sci- 
ence, Research, and Technology of the Com- 
mittee on Science and Technology. 

This report examines both the demands the 
ijiformation revolution will make on education 
and the opportunities afforded to respond to 
those demands. Included in its scope are a 
survey of the major providers of education and 
training, both traditional and new, and an ex- 
amination of their changing roles. The full 
range of new information products and serv- 
ices rather than any single technology is exam- 
ined, since the major impact on education will 
most likely stem from the integration of these 
technologies 'into instructional systems. 

For this report OTA has defined education 
to include programs provided through a vari- 
ety of institutions and in a variety of settings, 
including public schools; private, nonprofit in- 
stitutions that operate on the elementary, sec- 
ondary, and postsecondary levels; proprietary 
schools; triuning and education by industry 
and labor unions; instruction through the mili- 
tary; and services provided through libraries 
and museums or delivered directly to the 
home. Information technology is defined to in- 



clude conununication systems such as direct 
broadcast satellite, two-way interactive cable, 
low-power broadcasting, computers (including 
personal computers and the tiew hand-held 
computers), and television (including video 
disks and video tape cassettes). 

The assessment was premised on three ini- 
tial observations and assumptions: 

• The United States is undergoing an infor- 
mation revolution, as documented in an 
OTA assessment. Computer-^aaed Na- 
tional Information Systems. 

• There is a public perception that the pub- 
lic schools are **in trouble," and are not 
responding well to the normal educational 
demands being placed on them. Public 
schools in many parts of the country are 
faced with severe economic problems in<^ 
the form of rapidly rising costs and re- 
duced taxpayer Aupport. These pressures 
are forcing a new search for ways to im- 
prove the productivity and effectiveness 
of schooling. 

• A host of new information technology 
products and services that appeared capa- 
ble of fulfilling the educational promises 
anticipated earlier are entering the mar- 
ketplace with affordably low cost and 
easy accessibility. 



Findings 



OTA found that the real situation is far 
more complex than assumed above. In sum- 
mary, the assessment's findings are: 

• The growing use of information technol- 
ogy throughout society is^creating major 
new demands for education and training 
in the United States and is increasing the 
potential economic and social penalty for 
not responding to those demands. 

• The information revolution is creating 
new stresses on many societal institu- 
tions, particularly those such as public 
schools and libraries that traditionally 
have borne the major responsibility for 
providing education and other pubUc in- 
formation services. 



• Information technology is already begin- 
ning to play an impo|^ant role in provid- 
ing education and training in some sec- 
tors. 

• Information technology holds si^ficant 
promise a^ a mechanism for responding 
to the education and training needs of so- 
ciety, and it will likely become a major 
vehicle for doing so in the ne\t few dec- 
ades. 

• Much remains to be learned about the 
educational and psychological effects of 
technological approaches to instruction. 
Not enough experience has been gained 
with the new information technology to 
determine completely how that technol- 
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ogy can most benefit Iciamers or to predict 
possible negative effects of its use. Given 
this insufficient experience, caution 
should be exercised ih undertaking any 



major national effort, whether federally 
inspired or not, to introduce these new 
technologies into education. 



The Information Society 



RoIq of Information 

For the foreseeable future, information tech- 
nology will ccintinue to undergo revolutionary 
changes. The microprocessor— an inexpensive, 
mass-produced computer on a chip— will be- . 
come ubiquitqus in thehome and office— not 
only in the easily identifiabfe form of the per- 
sonal computer or word processor, but also as 
a component of nmnex;ous other products, 
from automobiles to washing machines and 
thermostats. High-speed, low-cost communi- 
cation links wiU be available in such forms as 
two-way interactive cable, direct broadcast 
from satellites, and coinputer-enhanced tele- 
phone networks. New video technolo^es such 
as video disks and high-resolutiion television 
will be available. These technologies will be in- 
tegrated tb form new and unexpected types 
of information products and service^, such as 
videotex and on-line infbrmation retrieval sys- 
tems that can be provided over telephone or 
air waves directly to the home. 

It is impossible to predict which of these 
technologies and services will succeed in the 
competition for consumer doUars, or which will 
appeal to particular markets. It is, however, 
reasonable to conclude that they will radical- 
ly affect many aspects of the way society gen- 
erates, obtains, uses, and disseminates infor- 
mation in work and leisiu'e. 

The growing importance of infortnation it- 
self drives and is driven by these rapid tech- 
nological changes. Untfl a f^w decades ago, the 
information industry— that industry directly 
involved with producing and selling informa- 
tion and information technology— was rela- 
tively small in economic terms. It is now be- 
coming a major component of the U.S. econ- 
omy. While most economists stiU talk about 
the traditional economic sectors— extractive. 



^manufacturing, and service— some now have 
begun to define and explore a fourth, the infor- 
mation sector. One analysis has shown that 
this new sector, if defined broadl}|^, already ac- 
coimts for oyer 60 percent of the^^tfecondmic ac- 
tivity of the United States. 

Many firms involved directly with informa- 
tion are large and growing. Two of the largest 
corporations in the world, AT&T and IBM, 
principally manufacture information products 




Personal-type computers are used for instruction In many 
classrooms throughout the Nation 
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. and provide information services. Moreover, 
business in general is beginning to treat infor- 
mation as a factor of production that takes its 
place beside the conventional factors of land, 
labor, and capital. In addition, the Govern- 
ment is beginning to treat information as an 

^ important element of national security. While 
defense officials have always been concerned 
about the disclosure of military information— 
such as troop movements or weapons design 
—they are now also concerned about the inter- 
national leakage of more general U.S. sdentif- 
ic and technical information that other coun- 
tries could conceivably use to pursue economic 
or military goals that are in contrast to our 
own. 

In addition to serving as an economic good, 
access to information is becoming increasingly 
* important for individuals to function in soci- 
ety effectively as citizens, consumers, and par- 
ticipants in political processes. Relations with 
government at all levels are becoming more 
complex— whether they involve dealing with 
the Internal Revenue Service, applying for 
social benefits and services, or seeking protec- 
tion from real or perceived bvu'eaucrf tic abuse. 
Individuals are confi-onted with the need to 
evaluate more sophisticated choices and to 
understand their rights and responsibilities 
under the laws and regulations intended to 
protect them in the marketplace. 

Information Technologies 

The rapid evolution of the foUowing tech- 
nologies in the last few decades has shaped the 
information revolution: 

Cabl*.— Cable systems— wherein data and 
programs are transmitted over a wire rather 
than throiigh airwaves— are growing rapidly. 
The newer systems offer more channels, and 
some offer two-way communication. 

SatelBfe Coiimiiii^^ have 
y stimulated development of new types of tele- 
vision networks to serve cable subscribers and 
earth station owners with specialized program- 
ing. 
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Digital Telephone Network.— The shift to 
digital transmission will allow telephone lines 
to carry more information at higher speed and 
with greater accuracy, providing better link; 
age of information between computer termi- 
nals. 

Broadcast Technologies.— Some distribu- 
tion technologies in the entertainment market 
may also have important potential educational 
uses. For one, the dtect broadcast satellite can 
transmit a program directly to a home or of- 
fice, bypassing a cable system. Tor another, 
low-power stations, wjiich restrict transmis- 
sion to a limited geographical range, provide 
a low entay cost to licensees and are subject 
to less regulation than are traditional broad- 
cast stations. / 

Computers,— The design and uses of com- 
puters have advanced to the point where there 
is now a mass consumer market for computers 
and computer software. Moreover, networks 
that link privately owned computers have ex- 
panded access to infbrmation. Desktop com- 
puters are becoming toore common in the 
home, the small business, and formal educa- 
tional settings. The use of hand-held com- 
puters, cheaper and more portable than desk- 
top computers, has also increased. Along with 
computer development have come advances in 
the interface between humans and computers 
—input/output technology. Input technology 
is the process of putting information into the 
computer— either by ts^ing it, speaking to the 
computer, or showing the computer pictures. 
Developments in output technology are occur- 
ring in the areas of low-cost printers, graphics 
(particularly color graphics), and voice. 

Storage Technology.— Data programs are 
stored on a viariety of media for use in the com- 
puter: silicon chips, floppy disks, and hard 
disks. Improvements are being made in such 
technology foF both large and small comput- 
ers. 

Video Technology —Significant develop- 
ments in several areas of video technology are 
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likely in this decade. Video cassette recorders 
are already important consumer devites. The 
Glmless camera, which combines video and 
computer technology to "write" a picture on 
a very small, reusable floppy disk, may soon 
be available. 

Video Disks.— Resembling a phonograph 
record, a disk that stores television program- 
ing is pf considerable interest to educators. It 
is durable, inexpensive to produce, and capable 
of storing a large amount of data and pro- 
grams. 

Information Services.— Several of the afore- 
mentioned information technologies are now 
being integrated to provide new types of serv- 
ices. For example, sev^al coimtries now use 
the existing television broadcast medium to 
bring information services to h^omes and of- 
fices. Using a teletext system* the user can 
select a page for special viewing as it is trans- 
mitted in segments over the air. In a videotex 
♦ system the user can preselect a page from the 
central system for immediate viewing. Close- 
ly related to videotex are the in formation net- 
works that provide owners of desktop com- 
puters and terminals with access to computer 
and data services and to one another over com- 
mtmication networks. Through electronic con- 
ferencings geographically separated individu- 
als can participate in meetings. Variations in- 
clude audio conferencing, which uses telephone 
lines; video conferencing, which supplements 
the voice connection with television images; 
and computer conferencing, which involves 
transmitting messages through a central com- 
puter that then distributes them as requested. 

Impacts on Institutions 

Impacts from the information revolution are 
being felt by government at all levels and by 
the military, industry, labor unions, and non- 
profit service institutions. Traditional services 
provided by these institutions now overlap in 
new ways and off^ a wide variety of new serv- 
ices based^n information technology. For ex«^ 
ample, firms as diverse as investment houses 
and retail stores now compete with banks by 
providing a variety of financial services. 



Banks, on the other hand, are beginning to 
conq)ete with computer service bureaus in pro- 
viding more general on-line infom^ation serv- 
ices to businesses and homes. 

The U.S. Postal Seirvice, along with Con- 
gress and a variety of Federal executive and 
regulatory agencies, is considering the d^ee 
to which it should compete with private tele- 
commimications firms in the provision of elec- 
tronic mail services. Large computer firms 
such as IBM are moving toward direct coiH: 
petition with traditional telecommunication 
.common carriers such as AT&T for the provi- 
sion of information. Telephone companies may 
offer "electronic yellow pages" that could rival 
the classified advertising business of news- 
papers. 

Those institutions principally concerned 
with the collection, storage, or transfer of in- 
formation will feel the greatest effects. They 
include both private sector firms— in fields 
such as publishing, entertainment, and com- 
munications—and public or nonprofit organi- 
zations such as libraries, museums, and 
schools. How they handle their product—in- 
formation— may differ from the handling of 
tangible goods by other institutions because 
information has characteristics that differen- 
tiate it from tangible goods. For example, in- 
formation can be reproduced easily and rela- 
tively inexpensively. It can be transported in- 
stantly worldwide and presumably can be 
transferred without affecting its original own- 
ership. Thus, copjrright or other forms of pro- 
tection for intellectual property— data bases, 
programs, or chip designs— is important to the 
growth of the information industry. 

While the business of selling information 
has always existed in some form— e.g., book 
publishing, newspapers, or broadcasting— the 
growth of this sector and its movement into 
electronic forms of publishing will create con- 
flicts with traditional societal attitudes about 
information. The concept of information as a 
public good whose free exchange is basic to. 
the functioning of society is inherent in the 
first amendment to the Constitution and un- 
derlies the establishment of public libraries 
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and schools. This concept conflicts with the 
market view of information, which reco^iizes 
that there are inherent costs in the provision 
of information. Adopting new information 
technologies will entedl extra costs that mtist 
B|p borne somehow by the users of those tech- 
nologies. 

The conflict betweien the view of information 
as a market good and the view of it as a ''pub- ^ 

^ lie good' ' affects pyblic institutions in a num- 
ber of ways. Public nonprofit imstitutions find 
themselves increasingly in competition with 
private profitmaking firms that offer the same 
or isimilar services. Institutions «uch as librar- 
ies, schools, and museums are beginning to feel 
pressure to incorporate both nonprofit and in- 
come-generating ofiferings in their own mix of 
services. To the extent that previously free or 
very loW^ost and widely available information 

- services such as education move into the pri- 
vate marketplace, access to them may become 
limited, either because of their cost or because 
of their restricted technological availability. 
Periodicals previously available at news- 
st^ands, for example, may be available in the 
future only via computer or video disk. 

New Needs for Education 
and Training 

The information revolution places new de- 
mands 6n individuals, changing what they 
must know and what skills they^ust have to 
participate fully in modem society. It may also 
be increasing the social and economic prices 
that will be paid by those who do not adapt 
to technological changes. For instance, 
spurred by increasing domestic and interna- 
tional economic competitipn, U.S. industry is 
expected to adopt computer-based automation 
in a major way. C!omputer-aided design, robot- 
ics, and other new computer-based manufac- 
txiring technologies will, within the next 
decade, tranigform the way goods are manu- 
factured. Autqjnation will not be restricted to 
the factory, however. Office automation will, 
' according to some, have an even more revolu- 
tionary effect on management and on clerical 
work in business. Over the longer term, even 



the service professions, such as law and med- 
icine, will be transformed. 

While some sociologists suggest that the ef- 
fect will be to ^^deskill" labor by lowering the 
skill requirements for workers, more anticipate 
that a greater premium will be placed on lit- 
eracy, particularly technological and informa- 
tion literacy. The latter argue that an increas- 
ing number of jobs will be in the information 
sector or win require the use of information 
systems. Moreover, new forms of production 
and information handling will create new jobs 
requiring new skills. Vocational education and 
industrial training programs will be needed to 
teach the skills for jobs such as robot mainte- 
nance or word ptt'bcessing. 

An advanced information society will place 
a premium on Skills oriented toward the crea- 
tion of new knowledge land the design of new 
technologies. Thus, while there is some current 
debate about a possible surplus of college 
graduates, generally speaking many experts 
see a growing gap between the demand and 
supply of graduates in engineering and sci- 
ence, and particularly in computer engineer- 
ing and science. ' 

A key element in all of these educational 
needs is that they will constantly change. In 
a rapidly advancing technological society, it 
is imlikely that the skills and information base 
needed for initial employment will be those 
needed for the same job a few years later. Life- 
lor^ retrainiDg is expected to become the norm 
for many people. 

Case Studies on Information 
Technology , 

In addition to using existing information for 
this assessment, OTA imdertook case studies 
designed to gain insights into the successful 
application of information technology in edu- 
cation. Accordingly, OTA examined well- 
established programs in public school sys- 
tems, industries, libraries, museums, the mili- 
tary, special education, and direct to the hpme 
markets nationwide. These case studies are 
presented in the appendix. Many of the find- 
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ings presented in this assessment reflect ob- 
servations made in these studies. The most 
important of these observation^ is that infor- 
mation- technologies can, be most effectively 
applied to tasks when they are well integrated 
in their institutional environments. 



Potential Teclmolofifical Solutions 

OTA found little evidence of current hard- 
ware limitations that would limit the applica- 
bility of technology to education and, hence, 
call for major research efforts. Continuing 
research in the general fielcfe of computer 
science and engineering, coupled with innova- 
tive private sector development will prgvide 
the necessary hardware base. The only excep- 
tion is the area of technology for the handi- 
capped, where it is not clear that the opportu- 
nities for developing specialized technology 
could be met without some Federal support 
for R&D. There does appear to be a need, how- 
ever, for R&D focused on developing new tech- 
niques and tools for software development, 
human/machine interface, and improving the 
understanding of cognitive leamiag processes. 

If properly employed, information technol- 
,ogy has certain characteristics that suggest 
it will be invaluable for education. For one, in- 
formatioa technology may be the only feasi- 
ble way to supplement teaching capability in 
schools faced with reduced teaching staffs and 
larger class sizes. For another, information 
^ technology is capable of distributing education 
and training, both geographically and over 
time. Services can be provided in the home, . 
at work, in a hospital, or in any other location 
where and when they may be needed. 

Many of the electronic m6dia, such as video 
disks or microcomputers, allow learners to use 
them at their convenience, instead of being 
locked into spedficaDy scheduled times. Com- 
puter-based analysis, cotobined with a flexi- 
ble, adaptive instructional system could diag- 
nose and immediately respond to differences 
in learning strategies among students and,, 
hence,/COuld be more educationally effectii^e. 
FiAally , much work has been done on using in- 



formation technology to improve the ability 
of foreign students and the physically and 
mentally handicapped to communicate. 

Some experts suggest that the use of com- 
puters by students teaches them new ways of 
thinking and new waya of solving problems 

' that may be more appropriate in an informa- 
tion age. They suggest that a generation that 
grows up with computers will have a signifi- 
cant intellectual advantage over one that does 
not. Many educators criticize such a view as 
being too technology-centered. At the very 

. least one can predict, however, that computer 
and computer-based information services will 
be ubiquitous by the next century, and that 
learning how to use them effectivdy is a basic 
skill that will be required for many and per- 
haps most jobs. {In response to this view of 
future skill requirements, many schools have 
placed a high priority on computer literacy as 
the first instructional use of the computer.) 

Although experience with educational tech- 
nologies has demonstrated that they offer a 
variety of potential benefits, it has also dem- 
onstrated that technology cannot, by itself, 
provide solutions to all educational problems, 
nor should it be imposed on an educational 
system without sensitivity to institutiopal and 
^ societal barriers that could prevent the realiza- 
tion of educational benefits. These barriers in- 
clude: 

Institutional Barriers,— New educational 
technology must be designed for ease of inte- 
gration into the 'schools and other educational 
institutions that will use it. Some adaptations 
of curricula, sched^es, and classroom organi- 
zation will be needed, bufthe.changes are not 
likely to be extreme. 

Teacher Training.-^ Widespread use of tech- 
nology in the classroom will reqiiire that teach- 
ers be trained botfi in its use and in the pro- 
duction of good curriculum materials. Too few 
teachers are so qualified today. Schools main- 
tain that they are already faced with a short^ 
age of qualifi'ed science and mathematics 
teachers (those most likely to lead the way in 
computer-based edutation). Furthermore, 
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there is little evidence that most of the teacher 
training colleges in the United States are pro- 
viding adequate instruction to new teachers 
in the use of information technology. 

Lack of Adequate Software.— OTA found 
general widespr^ad agreement that, with few 
exceptions, the quality of educational soft- 
ware — curriculum material designed for educa- 
tional technology— now available was, in gen- 
eral, not very good. Curriculum providers do 
not yet use the new media to full advantage 
for several reasons. In the first place, many 
of the technologies are still new. It takes time 
to lefariJIiow'to use them, and the early at- 
tempts suffer from this learning process. Sec- 
ond, production of high-quality educational 
software is expensive. Some large firms that 
have the necessary capital to produce educa- 
tional software hesitate to risk developmen- 
' tal money in a relatively new and uncertain 
market. 

Third, the programers an(J curriculum ex- 
perts qualified to produce educational soft* 
ware are in short supply. Finally, some firms 
cite the lack of adequate property protection 



—e.g., copyright, patents— for their informa- 
tion products as a barrier to investment in 
development. 

Skepticism About Long-term Effects.- 
Some educator^ are seriously concerned that 
the long-term effects on learning of substitut- 
ing technology for traditional teaching meth- 
ods are not sufficiently understood. While 
acknowledging that computers or other tech- 
nologies may nave some limited utility in the 
classroom for drill and practice, or for instruc- 
tion in computer literacy, they fear that any 
widespread adoption of technology for educa- 
tion could have deleterious effects on the over- 
all quality of learning. 

Cost-— Even though the cost of computer 
hardware and communication services is drop- 
ping,, investment in educational technology 
still represents a substantial commitment by 
financially pressed schools. Costs of software 
are likely to remain high until a large market 
deyelops over which providers can write off 
developmental costs. In some cases the cost 
of information products and services may be 
passecT on to users for the first tune. 



Policy Issues and Options 



Issues 

The impact of information technology, on 
education will confront Congress with a num- 
ber of important policy decisions in several 
areas: 

• EdttcatioD and training for economic 
growth: OTA found that trends in auto- 
mation and the growth of the information 
sector of the economy will probably pre- 
sent the United States with severe man- 
power training problems over the next 
decade. These will include a persistent 
shortage of highly trained computer scien- 
tists, engineers, and other specialists; a 
need for retraining workers displaced by 
factory and office automation; and a need 
for a more technologically literate work 
force. Congress must dedde what Federal 




response to these national needs would be. 
both appropriate and effective. 

• Redressing iniquities: In both the OTA 
study on national information systems 
and in this assessment, OTA found con- 
cern that a significant social, economic, 
and political gap could develop between 
those who do and those who do not have 
access to, and the ability to use, infor^ia- 
tion systems. People who cannot make ef- 
fective use of information technology may 
find themselves unable to deal effective- 
ly with their government and to obtain 
and hold a job. Both social and economic 
concerns may motivate Congrefts to take 
action to improve literacy in American so- 
ciety. 

• New institutional roles: OTA found that 
many public educational institutions are 
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under severe strain, to the extent that 
many question their survival— at least in 
their current form. Actions directly re- 
lated to the use of infonnation technology 
could also have important impacts on 
these public educational institutions, both 
by enhancing their productivity and by 
helping them offer a modem, computer- 
and communication-based curriculum. Al- 
though the States have primary responsi- 
bility for control of the public schools, 
decisions and policies set at the Federal 
level have influenced the nature of pub- 
lic education and will continue to do so. 

Options for Federal Action 

Assuming that Congress decides there is a 
significant need for Federal action to address 
these issues, there are a number of possible ac- 
tions it could take. 

* Direct Intervention.— Congress could take 
action to increase and improve the use of 
information technology in education. Most 
of the foUowing options would principally 
affect the schools. A few would have a 
broader effect on the provision of education 
and training in other institutions* 
—Provide tax incentives for donations of 
computers and other information technol- 
ogy: H.R. 5573 and S. 2281 areexanxgles 
of such initiatives. They are intendj^ to 
accelerate the rate at which schools install 
computer hardware and to respond to pos- * 
sible inequities in the abilities of school 
districts to direct funds to equipment ac- 
quisition. However, some experts have 
noted that the personal computer indus- 
try is on the verge of moving to a new gen- 
eration of more powerful machines that 
may have much greater potential for edu- 
cational application on a more sophisti- 
cated level. I>onations of older equipment 
could freeze the schools into dependency 
on obsolescent systems. Moreover, such 
incentives do not address problems such . 
as the need fOr*software, teacher training, 
or institutional barriers to effective use. 
—Subsidize software development: OTA 
found that the most-often cited barrier to 



current educational use of technology was 
the lack of adequate educational software. 
There may be a role for the Government 
in reducing the risks softweb-e producers 
currently see that inhibit major invest- 
ment in quality courseware (educational 
software). Many of the existing successful 
packages, such as the Sesame Street pro- 
grams for television and the PLATO com- 
puter-cuded instruction system, were de- 
veloped with partial Federal support. On 
the other hand, good software may be 
forthcoming if the producers see a suffi* 
cient quantity of hardware in the schools 
to provide them with a viable market. 

—Directly fund technology acquisition by 
the schools: The Federal Government 
could directly underwrite the acquisition 
of hardware and software by the schools. 
Such a program would create a market for 
educational products that would attract 
producers, and it would accelerate the in- 
troduction of technology into the schools. 
On the other hand, such an approach may 

. promote premature and unwise purchases 
of technology by schools that are unpre- 
pared to use the technology effectively. 
It is also counter to some current trends 
and attitudes in Congress concerning the 
proper Federal role in education. 

—Provide support activities: The Federal 
Government could assume a leadership 
role in encouraging the educational sys- 
tem to make more effective use of infor* 
mation technology by funding demonstra- 
tion projects, teacher-training programs^ 
and the development of institutions for 
exchanging information about successful 
implementations. OTA foimd evidence of 
^ a high degree of interest and motivation 
by both schools and parents that could be 
more effectively channeled with appropri- 
ate Federal leadership. Such a program 
would not address the financial limita- 
tions that currently prevent many institu- 
tions from acquiring technology and soft- 
ware. 

• Adapt a General Education Policy.— Con- 
gress is considering various forms of educa- 
tion-related legislation that may affect, and 
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in turn may be affected by, the new informa- 
tional needs of society/Examples are bills 
concerning vocational education, veterans' 
education, education for the handicapped, 
and foreign language instruction. Such leg- 
islation, if drafted with the intent to do so, 
could encourage the development of more 
effective and economical technological alter- 
natives to current programs. 

• Support R&D.— Federal civilian agency 
support of R&D in^ducational technology 
has decreased substantially over the last- 
decade. OTA found that, to make the most 
effective uae of technology, there was a need 
for R&D in learning strategies and cognitive 
development, methods for the production of 
effective and economical curricular soft* 
i^e, and tlie lotig-term psychological and 
^gnitive impacts of technology-based edu- 
cation. Congress could consider policies to: 
I) directly support R&D id these areas, 2) 

] encourage private isector investment from 
both f Inundations and industr/. Or 3) encour^ 



age a combination of both by using Federal 
funding to leverage private investment. 
• Elimination of Unintended Regi^tory Bar- 
riers.— Some legislation and regulation not 
specifically directed at education may create 
barriers to the effective application of edu- 
cational technology. Telecommimication 
regulation, for example, can affect the cost 
of technology^ access to commimication 
channels, and the institutional structure of 
education providers. 

Moreover, protection of intellectual prop- 
erty, principally copyright law, was identi- 
fied as a major determinant of the willing- 
ness of industry to invest in educational 
software. The current state of the law was 
seen by many industry experts as inade- 
quate cmSl, hence^ creating a barrier to the 
development ofndvel and innovative soft- 
ware. However, to the extent that such a 
barrier does exist, it is not clear whether its 
removal Ues in new legislation or in the 
gradual development of legal precedent in 
the courts V , 
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Chapter 2 

The United States as an 
Information Society 



' All societies depend to some extent on information^-to conduct trade, to gov- 
ern their society, and to transmit culture and social mores. Because of this, past 
inventions such as writing, arithmetic, and the printing press have stimulated 
profound changes. Similarly, development of new information technologies will 
also deeply effect present-day society. Mcmy of these effects will be in the realm 
of education. 



Findings^ 



• The United States has becom^ an informa- 
tion society, dependent on the creation, use, 
and communication of information for its 
economic and social well-being. 

• Computer, d^ta communication, and video 
technologies have become a large and essen- 
tial element of U.S. society, central to the 
handling of information by individuals and 
organi^tions. 

• In the past, information technology inven- 
tions such as the telephone have fundamen- 
tally altered social institutions and individ- 
ual behavior; thus, it is reasonable to expect 
that current and future innovative develop- 
ments will haye corresponding effects, par- 
ticularly on activities such as education that 
depend on information. 

• Trends in the use of information technology 
are creating new demcmds on education in 
terms of who is to be educated, when educa- 
tion occurs, what is to be taught, how it is 
to be taught, and what it is to cost. 

In a complex, highly technological society, 
demands grow for quick access to and use of 
large amounts of informatio^^jorder to con- 
trol economic, social, and politicaTprocesses. 

'Much of tlM information prtMntod in this chapter it baMd 
on OTA't prtviouf ttudy, Oompiitu^Bma^d NMtiooMl Iaform»- 
Uoo ^tmrm: ncbaohgy snd Public Policy Imm, OTA^IT 146 
(Waahinfton. D C: U.a Coocraaa, Office of Tachnology Aaaeaa- 
mant, Saptambar 1961). 



It has been suggested, that the creation, use, 
and communication ofirinformatidn are essen- 
tial components of the infrastructure of jbl 
"postindustrial society" such as that of the 
United States.* As a consequence, many soci- 
etal functions are completely dependent on in- 
formation technology. For example: 

• Airlines use computer networks to control 
.passenger reservations, schedule equip- 
ment usage and maintenance, and prepare 
flight plans; and the Federal Government 
uses a large computer-based system to 
control the resulting air traffic' 

• Banks and other financial institutions 
rely completely on computers and world- 
wide communication networks for manag- 
ing accounts, clearing checks, exchanging 
funds, and providing a wide variety of 
new financial services.^ 

• Majoi^ Government agencies, such as the 
Internal Revenue Service and the Social 
Security Administration, require large, 
automated information systems to han- 
dle the accounts of hundreds of millions 
of clients. 

'D. Bali; Tha Coming of PottrladuatriMi Society (New York: 
Basic Bookt« 107a). 

^Airport Mnd Air Ttafnc Control $yMt4m, OTA-8TM76 
(Wlwhingtoo. D.C.: U.S. Congiaaa, Office of Tachnology Aaaaaa- 
inent, January 1082|. 

'S§l§ct^ Ekctronic Fund§ Druuhr Imm: Privacy, 3$curity, 
and Equity-Background Papar, OTA-BP-CIT-12 (Waahington, 
D.C.: U.S. Congreaa, Office of Technology Aaeaeamant, March 
19821. 
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• The operation of national defense depends 
on complex computer-communication sysi 
tems, both for day-to-day management of 
the military establishment and for com- 
mand and control of modem sophisticated 
weaponry. 

• Multinational Corporations depend on in- 
ternational networks of computers for 
such applications as production control, 
management, and financial administra- 
tion. 

Since these and other users of information 
in the United States are relying increasingly 
on sophisticated computer and communication 
systems, it is reasonable to anticipate that in- 
formation technology will have significant ef- 
fects on the structure and operation of most 



of our social institutions. Furthermore, institu- 
tions and social processes such as education, 
which are so dependent on the conununication 
and use of information, will be most affected. 

The basic goals of education are the commu- 
nication of knowledge and skills, the transmis- 
sion of culture, and the instilling of basic liter- 
acy.* Since all of these require that education 
be closely linked to information processes, edu- 
cation will be deeply affected, both in content 
and form, by the technological revolution. 



♦Definitions of literacy vary among experts. For purposes 
of this report, a simple definition will be used. Literacy means 
the ability of an individual to engage in the normal modes of 
information exchange in a society. 



Economic and Societal Impacts of 
Information Technology 



The uses of information and the institutional 
structures established to collect and communi- 
cate it have long historical traditions. For 
thousands of years, recordkeeping systems 
have been a basic tool for government, com- 
merce, and finance. They have allowed the for- 
mation and management of large organiza- 
tions. Libraries and museums have existed as 
^archival and reference resources from earliest 
times— perhaps even earlier than the fourth 
century B.C., when Alexander the Great built 
his library. Education also has always served 
basic societal functions. While the definitions 
of education and the institutional structures 
selected to provide it have differed over time 
and for each particular society, educatioji has 
always entailed transmitting the values, cul- 
tural backgrdund, and basic communication 
techniques (literacy) necessary to function as 
a member of society. 

Technologies such as writing, mathematics, 
paper, the printing press, and the camera were 
developed to improve the handling of informa- 
tion. Over the last 100 years there has been 
a rush of new,information technologies that 



has included the telegraph and telephone, 
broadcast communication, photocopiers and 
facsimile transmission, the computer and its 
related software— considered, in itself, to be 
an important technology. These inventions 
have directly affected the collection and use 
of information. For example: 

• The speed with which information can be 
communicated has been increased. Com- 
munications that less than a century ago 
took days, weeks, and even months, now 
occur within fractions of seconds. 

• The quantity of information that can be 
collected, stored, manipulated, and trans- 
mitted has been increased. Data storage 
systems can hold trillions of characters 
of information that are instantly accessi- 
ble through a computer. (One trillion char- 
acters of storage contains information 
equivalent to over 1 million books.) 

• Information can be more widely distrib- 
uted and has become more accessible. 
Data conununication systems provide ip- 
stant access to information and to the 
technology to analyze and use it. 
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Scanning •l«ctron micrograph of a portion of a prograrnmabla iogic array with locations for up to 4,000 logic alamanta. 
Tha array was fabricattd with tha ona-mtcromatar FET tachnology. Rtducing tha minimum davica dimanalons to ona 
micromatar raaultad In an incraase in apaad of a factor of 3 or 4, and a raductlon In pow4r diaalpatlon by a factor 

of 10, as comparad with previous FET circulta 



• The ability to uae information to account 
for past actions and to predict future 
events has been improved. The inventicm 
.of writing made possible the keeping of 
historical records. Computers, analyze 
complex statistical n^odels to support 
management decisionmaking. 

Theee improvements in the quantitative and 
qualitative aspects of information handling 
will profoundly affect individuals and organi- 
zations that amimimicate and use information 
in some of the following ways: 



The need for mass literacy: The availabil- 
ity of ptintod material to the general pub- 
lic has not only made mass literacy possi- 
ble; in the long run, it has also made it 
necessary. It has created a wco-ld in which 
it is necessary to be literate in order to 
fully participate in economic, political, 
and social activities. In fact, mass literacy 
has become a basic necessity for economic 
growth.* Now» with electronic media, defi- 



■T. W. Scfauhx, iDvmtnmot in Humao CtpitMl (Naw York Tha 
Fraa Praaa, 19711. 
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nitions of literacy must incori>orate the 
ability to communicate and use informa- 
' • tion technology. ' 

• An altered relationship between Individ- ' 
uals and organizations: The challenge of 
the Reformation to traditional church au- 

^ thority, the demise of the feudal system, 
the great intellectual spurt of the Renais- 
sance, and the birth during the 18th cen- 
tury of political democracy were all due, 
in part, to the fact that most individuals 
in society could obtain access to informa- 
tion and could communicate their ideas. 
If access to information is further en- 
hanced by new technologies, individuals 
and groups may seek to increase their par- 
ticipation in governmental and organiza- 
tional processes. If access, on the other 
hand, is not enh^ced, communications 
technology might provide a new means by 
which organizations'^mold social thought 
and cultural mores and exert their author- 
ity.* 

• Altered structures in organizational de- 
cisionmaking processes: Technological 
changes can affect the nature of decisions, 
the way they are made, and who in an 
organization makes them. New patterns 
of decisionmaking can, in turn, affect rela- 
tionships between organizations and be- 
tween organizations and their clients and 
employees.^ 

' • Trends toward cen traliza tion or decen tral- 
ization: Overall, the trend in communica- 
tions during this century has been toward 
centralization. For example, more and 
more large cities are now served by single 
newspapers, and a few large networks 
dominate the distribution of broadcast 
television programs. However, access to 
low-cost computers and data communica- 
tions capabilities can potentially provide 
organizations and individuals with the 
ability to tailor applications to their own 
needs and goals. 



'A. Moshowitz, The Conqueat of Will: Information Procesn- 
ingin Human Affaint (Reading. Mass.; Addison Wesley, 1976). 

'H. Lucas, Why Information Systems Fail {Hew York: Colom- 
bia Press, 1976). 



Thus, the recent provision via cable tel- 
evision of several ne\v networks to serve 
the interests, of more specialized audi-^ 
ences and the appearance of small special- 
ized ne>vspapers serving individual neigh- 
borhoods may be harbingers of greater di- 
versity in services and decentralization of 
control. 

• Changes in the political process: Instant 
domestic and worldwide communications 
change political behavior and serve to 
shape public opinion in new ways and in 
new time frames. Computers allow large- 
scale and rapid polling of public attitudes 
and, through sophisticated mailing sys- 
tems, the forifltition and coordination of 
geographically distributed special interest 
groups. Because they allow for instant 
public reaction to political decisions, some 
experts anticipate that new information 
technologies may bring about a return to 
a form of ' political participation that, 
altiiough involving much larger numbers 
of Wople, is reminiscent of the ''town 
meeting." 

• Effects on culture: Although the new in- 
formation technologies wiU undoubtedly 
affect culture, it is uncleai:.,o»actly what 
their effect will be. More people have ac- 
cess to creative products than 6ver before. 
And yet the media have, as their critics 
have pointed out, often served the lowest 
common denominator of taste. It is also 
unclear whether information technology 
will serve to increase uniformity or to pro- 
mote the diversity of the culture and val- 
ues of society. 

• Intellectual effects: The technology that 
society uses to codify and transmit ideas 
may affect how people conceptualize and 
try to solve problems. Some experts have 
suggested that information technology 
may break a limiting mental mold forced 
by writing upon Western thought, and 
that it may provide new ways to deal with 
the very complex and difficult problems 
facing society." 



'8. Paport, Mindatorms (New Yorkt Basic Books, 1980). 
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Extrapolating the general histinical impacts 
that information technology has had in the 
pjiat suggests that modem technological 
trends may have a number of effects on edu- 
cation: ^ 

The nature of literacy for society is chang- 
ing, as it did when, the printing press was 
invented. While th^ goal of mass literacy, 
defined as skill in reading and writing, has 
been met— at least in the developed world 
—new goals as to who should be literate 
and what skills literacy should include 
may now appear: 

V L tV/K> s/iouid be /iterate; Uziiversal liter- 
acy— defined as skill in reading and 
writing for aU people— will have to 
become a societal goal. The growing 
complexity of society, coupled with the 
automation of unskilled jobs, will make 
it increasingly difficult for semiliterate 
individuals to lead useful and produc- 
tive lives. International economic com- 
petition and a predicted tighter labor 
market in the next few decades will 
place a greater premium on skilled, pro- 
ductive laborr Illiteracy is costly to so- 
ciety not only because it is expensive 
to support the unemployable but also 
because society must forego the social 
and economic contributions that the il- 
literate, had.they been educated, might 
otherwise have made. 
2. What akiUatiteracy includes: The tj&na\ 
literacy may come to include media lit- 
eracy—the ability not only to receive 
critically information presented via ra- 
dio, television, and film, but also to 
c(Hnmunicate using these media. While 
programing in these forms has previ- 
ously been done l)y large organizations 
of experts, developments such as the 
video cassette, the video disk, and the ^ 

Chang^ing/ Economic 

The U.S. eccxiomy has undergone fundamen- 
tal changes during this centiiry. A hundred 
yean ago, the economy was principally agrari- 



public access cable will place a greater 
premiiun on the ability of individuals 
to use these technologies in their work, 
at home, for their social organizations, 
and for political participi|tion. Media 
literacy will include computer literacy 
—the ability of individuals to use an in- 
formation systetp to help them at homo 
and at wdrk. While individuals will not 
need to be experts in computer science, 
they will need to know how to use com- 
puter programs and information banks 
and how to evaluate critically the re- 
sulta they get. 
• The rate at which new information is gen- 
erated is accelerating. The dominant em- 
phasis will be on lifelong lewning, retrain- 
ing, and updating knowledge, rather than 
on schooling that is terminated at an early 
age on completion of a standard cimiqu* 
lum.* Educational curricula will increas- 
ingly focus on learning how to learn rather 
than on learning facts. 
The organizational structure and behavior 
of educational institutions will change. 
Schools, particularly public schools* are 
often large bureaucracies specifically de- 
signed to collect and transfer information 
in an organized fashion. Some experts 
have questioned whether they can ever 
adapt organizationally to a nelv techno- 
logical enviroiftnent and^to new social 
needs. They foresee as possible either the 
emergence of . completely new types of 
educational institutions based on infortna- 
tion technology, or the radical transfor- 
mation of existing schools.^® 



*9taiil«y M. Qrabowski, Prtparinig Edueatote ofAdulta {Ban 
Prandico: Joaeay-Baaa, 1(^11; CharlM A. Vfedmayer, Lsanh 
iBgattha Back Door (MadiMi, Wis.: UnJvtnlty of Witconaln 

'*M. Frob«, tt al., Takcommunkatkma and Higher Educa- 
tion, GocMkMud Papw #3 (Pittfburgh. Pa.: Inatituto for Hifhv 
EducaUon of Pittaburgfa. 19811. 

Base of the Nation 

an. Then, for several decades, manufacturing 
dominated. Now, the service sector predomi- 
nates, measured both in terms of its contribu- 
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tion to the gross national product and in terms 
of the size of its labor force. (See table 1.) The 
service sector, as usually defined by econo- 
mists, includes economic activity that does not 
result in a tangible, storable output or necessi- 
tate a large base of capital equipment. Given 
this latter categorization, transportation and 
communications are usually classified as 
industries rather than services. Education is 
classified as a service. 

♦ Productivity growth in the service sector 
compared with that in other sectors has been 
particularly low. This relative lag in productiv- 
ity is more significant as the size and impor- 
tance of the sector grows. Some experts sug- 
gest that because of the use of economies of 
scale, new management techniques, and infor- 
mation technology, the service industry is on 
the brink of a major improvement in produc- 
tivity." They argue that, to the extent that 
services are more resistant to such improve- 

' ments than are other sectors of the economy, 
their costs will become too high. Thus, those 
areas of the economy, such as manufacturing, 
that show growth in productivity will also 
show wage j^creases reflecting, to some ex- 
tent, that growth. If similar wage increases 
take place in a sector that has not experienced 
a corresponding improvement in productivity, 
the real labor costs wiU grow relative^to those 
in other sectors. 

This analysis suggests that if education 
does not improve its productivity at a rate con- 
sistent with ,the overall improvement of the 

'•T. Stanbock. UttdBrBtmiiding the Service Economy (BaJti- 
more: Johns Hopkins Univursity Pr«M. 1979) 

i.--P«rc«ntao« Shmtm of th« 

U.S. Economy by Sector 



Employment 
Agilcullure 

Industry ^ 

Service 

QNP 

Agriculture 

Industry 

S ervlcs . > . 

sbuflCE T 8t«ibock. Undtfttrnidlno tf^ 8fvfC0 Economy (Mltlmof* John* 



1948 


1961 


1976 


108 


69 


42 


43 2 


38.6 


35 1 


460 


S4 5 


607 


084 


4.2 


3 1 


48.8 


45.0 


41 2 


43.9 


50.8 


55.7 



economy, it will face even more severe, finan- 
cial problems tlian plague it now. In fact, if 
other portions of the service sector are about 
to undergo significant increases in productiv- 
ity, as some observers expect, the pressures 
on education to improve its productivity may 
be intensified. * 

The appearance and growth of what some 
economists refer to as the in/ormation sector 
has paralleled the growth of the service sec- 
tor. This portion of the economy, comprised 
of both service and traditional industries, in- 
cludes those enterprises that make the ma- 
chines that handle information, run the com- 
munications networks, and use technology to 
provide information products and services. 

An overall analysis of the input/oUtput 
structure of this sector, which was made for 
1966,»" determined that the information sec- 
tor accounted at that time for over 60 percent 
of the economy. This study defined the infor- 
mation sector very broadly and analyzed it at 
the national level. It has not been repeated for 
subsequent years. Analytical efforts have, in- 
stead, been directed at refining the analysis 
and at looking at smaller segments of the econ- 
omy. • 

Nevertheless, the original calculations are 
stiU useful in illustrating the importance of in- 
formation and information technology in the 
U.S. economy. They also document the growth 
in the number of U.S. jobs requiring the han- 
dling of information and information machita- 
ery. Because information workers tfe general- 
ly assiuned to require literacy skills more than 
workers in other types of jobs, these trends 
suggest that the country is experiencing a rise 
in the level pf literacy needed to find and hold 
jobs.*" The definition of functional literacy 
may need to be altered to include the ability 
to use computer-based knowledge.** 



'•M. PotmU The IphrmMUoa Ecooomy, Ph. D. DlsiwtsUon 
(SUnford Calif.: Stanford Univsrsity, 1»76). 

'•K. Qliwbarg snd O. J. VdJU, "Tha QmrAsm BkUx of th»U.8. 
Economy.:* S^kntifk Am^ticMn. vol. 244/3. March IWl. pp. 
48-66 

>«H. J. Seidal. It E. AndMon. and B. Huniar (wla.). Compnitar 
UtBrmcy (New York: Acadamic PraM. 1062). 
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Another economic trend is the growing in- 
formation marketplace. The publishing indus- 
try has existed since the invention of the print- 
ing press as a relatively small sector of the 
economy. Now, stimulated by social pressures 
and new technological possibilities, it is grow- 
^ ing into a large and importai;it sector of the 
U.S. economy.** (Some illustrative growth fig- 
^ iires for sectors of the information industry are 
shown in table 2.) 

There are several indicators of, this trend. 
First, even in the current economy, the infor- 
mation industry is growing at a rate of over 
20 percent per year. The computer-based data 
retrieval market alone is projected to grow ^ 
from $1 billion in 1980 to over $6 billion in"^' 
1985. Second, very large international corpora- 
tions such as Westinghouse are buying into 
the information business, and large traditional 
publishing houses such as McGraw-Hill are ac- 
quiring high-technology operations in anticipa- 
tion of their competing in a very different type 
' of information marketplace in the next decade. 

The plan announced by AT&T for entry into 
the information business is viewed with con- 
cern not only by potential equipment manufac- 
turers and providers of communication lines, 
but also by newspapers and other traditional 
information publishers who see AT&T's new 



'*H. S. Dordick, et al., The Emerging Network Marketplace. 
{Lo& Angeles: Center for Futures Research, Graduate School 
of Business Adnunistration, University of Southern California, 
December 1978). 



Table Some Representative Growth Figures 
for the Information Industry 



Mainframe computers 


1965 


1975 


1985 


Number installed ?. 

Value in bilHons of dollars ; . 


23,200 
$7.65 


62,800 
$33.6 


77,600 
$89.1 


Desktop computers 


1975 


1980 


1985 


Number installed 

Value in billions of dollars . . 


4,000 
$0.05 


326.000 
$2.4 


10,5791000 
$36.7 



E»tlmMt0d 1981 gro9s r»yanuM In bllllOM of dollan 

Newspapers . . . ^ $17.79 

Magazines 3.43 

On-line data bases ^ 1.0 

Time sharing ^ — 2.455 

Broadc^ting/cable/special communications . . 28.5 
Computer software . ...... 5.5 

Total ..'......$58.675 

NOTE; Figurti hsve betn compllvd from b«st svailabit Information. Ettlmatad 
probabit •rror runs -15% to +5%. 

SOURCE: LINK. " « 

activities as creating potential competition for 
their businesses. Other^ ^ the potential for 
new information services made available by 
a restructured, competitive communication in- 
dustry. 

Another indicator of the increased impor- 
tance of information in the economy is the 
changed nature of international economic com- 
petition. The attention of polic}rmakers con- 
cerned with U.S. industrial strength is now 
focused on competition in innovation. Com- 
petitive strength is seen as dependent on the 
development of new technology, of new prod- 
ucts and services based. on that technology, 
and of new manufacturing techniques to make 
those products. 
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Chapter 3 

Implications for Economic 
Growth and Human Capital 



The principal goals underlying Federal involvement in education have his- 
torically been: 1) to contribute toward national economic well-being, 2) to assure 
natibnal security, and 3) to provide an equitable distribution of economic oppor- ; 
tunities to Lf.S. citizens. Because future Federal education policy will presumably 
continue to be predicated on one or more of these or related goals, OTA examined 
the links between education, technological trends, and these goals. 



Findings 



• Strong evidence exists for linking economic 
growth with the creation of new knowledge 
and the transfer of technology into the pro- 
duction of goods and services. Khdwledge 
creates new goods and services, improved 
production techniques, and better mana^ 
ment and organizational strategies. 

• Many experts b^eve that there is a close 
link between the level of education and the 
productivity of workers— even though such 
a relation is complex and difficult to estab- 
lish analytically. 

• The link between education, training, and 
economic growth is becoming more critical 

. because of structural shifts in the economy 
toward the service bnd information sectors. 

• While greater access to education and train- 
ing cannot directly create new jobs and may 
not increase overall wage levels, there are 
strong positive correlations between work- 
ers' educational levels and theuf* employabU- 
ity. 



• The rate at which automation can be intro- 
duced and the contribution it makes to the 
growth of productivity wiU partly depend 
on the ability to retrain workers for new 
jobs, either within the same industry or in 
a new industry. Their ability to be retrained 
will in turn be determined, at least in part, 
by their levels of literacy and their familiar- 
ity with information technology. 

' . . ■ ■" • * # 

• There is a severe shortage of engineers, com- 
puter experts, information specialists,; and 
other trained workers needed to support the 

^growth both of the inforination industry it- 
self and of the use of information technology 
in other sectors of society. 

• The failure of the U.S. education system to 
respond to the changing needs of the infor- 
mation society at a rate comparable to that 
of foreign competitors may imposet serious 
economic costs in the form of low growth 
rates and reduced competitiveness in world 
markets. 



Knowledge and Growth 



' A number of studies have postulated links 
between information, technological innova- 
tion, and economic growth. The relationship 
between knowledge and economic develop- 
ment has been studied both in the context of 

a • / 
ERIC 



the U.S. economy^ and in that of developing 



'E. P. Denison, AccouDtJng far Slower Economic Growth 
(Waabington, D.C.: Brooldngs Institution, 1979); (Hendricks 
article). 

CO 
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countries.^ In one analysis, nearly two-thirds 
of the economic growth that occurred in the 
United States between 1948 and 1973 was at- 
tributed to increases in the size and quality 
of the work force and to the development of 
new knowledge. Other studies have examined 
the direct contribution of research and devel- 
opment (R&D) to economic growth.' 

There are several ways in which the links be- 
tween knowledge and economic growth may 
operate: 

• Better and more timely information can 
lead to better organizational structures 
and to improved managemen t decisions. 
Which dan lower costs by more efficient 
allocation of resources, to better schedul- 
ing of production, and to better economic 

planning. 

• Technical innovation leads to new or un- 
proved products apd service and in some 
cases to the emergence of new industries 
that are more competitive in the market- 
place. Most of the firms in the Fortune 
500 deal in products and services that did 

not exist a centiuy ago. 

• New technology can lead to more efficient 

production methods that improve manu- 
, ^ facturing productivity. Some anticipate 
that ^e new computer-based flexible ^ 
manufacturing systems will provide the 
critical technological underpinning for 
U.S. reindus^aUjsation. 

OTA has found strong support not, only 
amQng economists but also in the business 
community for the view that the availability 
of literate, well-educated workers is an impor- 
tant determiner of productivity and economic 
growth.* The interest that business has shown 
in the performance of public education, and the 
growing investment that industry has made 



n*. W. Schultz, Inveetanent in Human CMpitml (New York: 
Free PraM, 1971). 

*E. MansfieH "Remidi and Development, Productivity, and 
Inflation," Scknce, voL 209, Sept. 6. 1980, pp. 109M093; 
J. Walsh, "Is R&D the Key to the Productivity Problem?" 
Sckoca, voL 211, 13, Feb. 13, 1981, pp. 686H588, 

«A. W. Clausen, "The Quality of Public Education," Vitai 
Speeches, 1981. 




High school students In Oxford, Mass., work with a 
learning aid that familiarizes them with electrical and 
electronic wlrlf»g patterns. This helps them prepare for 
entry-level work In the burgeoning electronics Industry 
In Massachusetts. The school board of this old mill town 
In southeast Massachusetts hopes that their creation of 
a young labor pool skilled In electronics will help draw 
, new industry Into the town 

in specialized education and txaining programs 
are strong indicatws of such concern. 

Education and training may affect the con- . 
tribution that workers make to productivity 
in at least three ways. First, education and 
training improves the productivity of the work 
force if it mows workers to use current pro- 
duction techniques more effectively and to 
adapt more rea^ tp new techniques. Second* 
the growth rate of new industry is determined, 
in part, by the availability of individuals 
trained to Gil the new types of jobs created by 
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innovation, ("inally, the process of innovation 
requires individuals trained to do R&D at all^ 
levels from basic research to productxievelop- 
ment. 

A nuniber of labor economists have sug- 
gested that the link between education and 
economic growth is becoming more important 
because of structural shifts toward the service 
and information sectdr^ Eli Ginzberg and 
George Vojta state, "Human capital* de&ied 
as the 'skill, dexterity, and knowledge' of the 
population* has become the critical input that 
determines the rate of growth of the economy 
and the well-being of the population. We con- 
tend that the competence of management and 
the skills of the work force . . . determine the. 
Ability of enterprises to obtain and utilize ef- 
fectively other essential resources . . . 

•E. Ginzberg and G. J. VojU, 'The S«idce Sector of the U.S. 
Economy/' SaeotiSc Amariani voL 299» March 1981, i^. 4a-6*>. 



The suggestion that U.S. economic growth 
and competitiveness are dependent, in part, 
on the production of new information and on 
the literacy of the work force has serious im- 
plications for Federal and local education 
policy. A decline in the performance of the 
educational system could be costly to U.S. 
society in terms of lower productivity of the 
work force; less flexibility for industry , to 
adopt new production methods and manage- 
ment techniques; higher unemployment rates, 
particularly among the disadvantaged; and de^ 
creased R&D, particularly in the basic sciences 
and engineering. 



Education ai^d Growth 



In this century, particularly since World 
War II, there has been a steady increase in the 
number of years of education completed by 
American workers. This trend is illustrated in 
table 3. The degree to which this growth in 
education level is accompanied by an increase 
in the skiU levels of jobs held, however, is a 
matter of some debate. While some see the ex- 
tension of education as evidence of the expan- 
sion of skills» otherd see it as a devaluation of 
the high school and college degree; or, in other 
words, as an inflation of the certification re- 
quired to obtain work that is no more— and 
may even be less— demanding than before!* 

S 1 

An increase in job skiU requirements cc^ild 
take place in three ways: 1) industrial growth 
and sectoral shifts in the economy could create 
more jobs demanding higher skill levels; 2) the 
availability of a more highly trained labor pool 
could encourage employers to raise their per- 
formance expectations, even if the basic job 

'Randall Collinfl, "The Credentiala/' Socioty. A Hiatorkal 
SodoJogy ofEducatioo and StratiGcatkm (New York Academic 
Praaa, 1979). 



Tabi« 3.— P«r€«ntaiB« Employmmt In th« Business 
S«ctor by S«x and Years of Education Complated 

1948 1059 1969 1976 

^. ^ 

No school years completed 44.4 1.0 0.5 0.3 

Elementary, 1-8 — 32.0 21.2 12> 

High school, 1-4 43.3 48.7 54.7 64.5 

College, 1-4 ^ 14.7 19.0 25.7 

College, 5 or more iit5 3.6 4.7 6.9 

Famala 

No school years completed 32.4 0.5 0.2 0.3 

'Elementary, -1-8 ^ 22.5 14.5 8.4 

High school, 1-4 56.1 63.8 68.6 66.9 

College, 1-4 - 12.2 15.2 22.7 

College, 5 or more 11.5 1.0 1.5 2.8 

SOURCE: E. F. Dtntton. AccounUtiQ for SIcwr Ecooomfc Growth (Wifhlnglon, 
D.C: Brookings Institution, 1079). 

classifications remain the same; and 3) rapid- 
ly changing job requirements could place a 
premium on employees' flexibility and on their 
ability to be retrained in new skills. 

Justifiably or not, education is, generally 
speaking, a major factor in the competition for 
jobs, and those lacking the requisite educa- 
tional level are less employable. Unemploy- 
ment rates by education level are shown in 
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table 4. Two conclu^ons are suggested by the 
data: 

• Education is an important selection cri- 
terion for employers. 

• More sensitive to fluctuations in overall, 
employment rates than their more skilled 
coimterparts, less educated workers are 
more likely to lose their jobs when imem- 
ployment rises, and less likely to get them 
back when it drops. 



Tabl^^ 4.— Un«m^loym«nt RatM by S«x and 
^ Numbar of Yaart of Education Complatad 





1970 


1979 






8.3 


High school, 1-3 years 
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Human Capital Theory 



Human capital theory regards expenditure 
on education as an investment in improving 
the quality of labor input to production, hence 
as a factor of production.^Because of the in- 
vestment focus, worker income is regarded as 
the measure of return. Researchers have dem- 
onstrated correlations between both current 
and lifetime education levels and incomes. In 
the 1960's, human capital theory formed a* ra- 
tionale for much of the Federal education 
policy that aimed at improving educational op- 
portunity as a means of fighting poverty.^ 

Most experts agree with the concept that, 
in many cases, education and training can 
create a more productive worker. However, 
many raise objections to human capital 
theory, both with respect to the analytical 
basis of the field and to the policies' implica- 
tions that have been drawn from them. Chief 
among these objections are the following: 

• The assumption that individuals make 
their decisions about education and career 
opportunities based on thciir reading of 
the labor market is questioned. 

• Improvements in the quality of labor and 
the resulting increases in productivity are 
not necessarily directly reflected in a con- 
comitant rise in salaries and wages. 
Hence, the societal pay b€|ck from further 
education may be imderestimated. 

'Cbronick of Highmr EducMtion, Mv*. 16, 1981, p. 2; G. S. 
Becker Himum Ov^tai (New Yoric Columbia Univereity Preee. 
1975). 



• Particularly at higher levels of education, 
individuals may decide to continue their 
education for another year not because it 
would increase their lifetime income re- 
turn, but rather because they want to de- 
velop special talents and to pursue oth^ 
personal goals.* 

• According to screening theory, education 
does not "add value" to labor as such, but 
merely server to prescreen the most able 
worJters.' There is a difference of opinion 
between those who advocate screening 
theory and the proponents of himian cap- 
ital theory with respect to how miich sig- 
nificance should be attributed to screen- 
ing when calculating the return on invest- 
ment in education. 

• An increase in the social investment for 
improving the quality of the labor pool 
does* not necessarily serve to increase 
overall levels of emplojonent or to raise 
wage levels. Hence, by itself, investment 
in ^ucation is not an effective strategy, 
either to raise the income of the disadvan- 
taged or to increase emplojrment.*" 



•S. Roeen. "Human Capital: A Survey of Empirical 
Reeearch**' in RedoMrch in iMbot Ecooomka (Qreenwich. Conn.: 
JAI Preea. l©??). voL 1, pp. 2-89. 

•K. J. Arrow. "Higher Educatioii ae a FUter." JoumMlofPab- 
Uc EcoDomka, vol 2, 1978. pp. 173-216. 

'•The Productivity Probkm: AJtemativai for Action (Waah- 
ington« D.C.: U.S. Congreee, Congreeaional Budget Office. Jan- 
uary 1981); L. C. Thurow. The Zero Sum Society (New York: 
Basic Books. 1980). 
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Need for Technical Education 



The labor market is too complex to be de- 
scribed in simple terms of oversupply or uiidei> 
supply. It can be generally said, however, that 
while the American work force does not nppear 
to be undereducated in terms of the years of 
schooling or in terms of the number of high 
school and college graduates heeded to meet 
overall employmeiit requirements, there do 
seem to be deficiencies in what students have 
^amed in school and severe shortages of grad- 
uates trained in certain job areas. And while 
the demand for traditional full-time, degree- 
oriented education may be levding off or even 
slackening, the demand for specific or contin- 
uing job-related education is growing. In par- 
ticular, the trend in the U.S. economy toward 
a growing servi(ft and information sector is 
creating an Increased demand for education in 
engineering and science, especially the cafa- 
puter sciences, at all levels. If these needs are 
not met, U.S. economic growth and interna- 
tional competitive position may decline. 

The clients for technical education can be 
loosely categorized intb three groups, accord- 
ing to their respective needs: 

1. The general work force— workers in aU oc- 
cupational categmies, from blue collar to 
the professional, who increasingly need to 
gain literacy in information technology. 

2. Information professionals— specialists 
who {HrograIil^(q;)e^ate, repcdr, and in other 
ways directly support information prod- 
ucts and services. 

3. Information scientists and engineers- 
technical experts who conduct research, 
develop hew products and ^plications, or 
teach at the coUe^ level. 




X\\ax4 \% a constant tmd to rtplaot hlohly skilM tachnlclant 
in X\\a military Mryioa. Tht 8P-6 who appaars hara In tha Fort 
Gordon, Qa., Signal Corpa Cantar, haa baan In tha Amiy for 
almoat 9 yaara, and la dua for a promotion Into a auparvlaory 
poaltlon. Aa auch tima, hia maatary of tha Infomiatlon 
contalnad In tha flaid radio manuala on top of tha cabinat, 
will ba aaaantlally loat to tha Amiy 



Information Liiteracy 

ematics, and, in particular^ information tech- 
nology." 

"Schultz,op. dt; E J. Siidal R. E. Andmoii, and B. Huntir 
(•da.), Computer Utatacy (N«w York: Acadamic PraM, 1982); 



Economists, educational experts, and busi- 
ness leaders assert that there is a growing 
need in U.S. society for at least a minimum 
level of literacy in science, engineering, math- 
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As stated by the president of the Bank of 
America: 

. . . increasingly, business is looking for and 
the better jobs are going to, individuals witJi 
some modicum of computer literacy. Basic 
communication and data-processing skills are 
among the hottest conmiodities ia the em- 
ployment sector today.*' \ 

The shift in the United States from a man- 
ufacturing and agricultural economy to an in- 
formation and service economy is creating 
mo^ jobs with information handling require- 
noents. The occupational mix in t^e 8er>dce sec- 
tor is compared with that in other sectors in 
figure 1. Furthermore, traditional jobs will in- 
creasingly require the handling of automated 
equipment, a trend that is already visible in 
the office. With the advent of automated inf or- 
m^ition systems, the skills reqtdred of a cler- 
ical staff are changing. Moreover, the job skills 
of a secretary in the wired office of the future 
will be substantially different from what they 
are today. In fact, the concept of "secretary" 
may disappear altogether. 

A similar trend may also occur in the fac- 
tory, where robotics and other forms of com- 
puter-aided manufacturing are beginning to 
transform the way that goods are produced. 
There, automation will r^qiiire that the worker 
learn new skills oriented toward operation and 
control of computerized equipment. (Some ex- 
perts maintain that few of the current 20 mil- 
lion jobs in the manufacturing sector will re- 
main two decades from now.) 

Faced with these pressures for a more tech- , 
nically literate work force, the schools are ap- 
parently ialling short of supplying those 
needs. 

• Overi)ll achievement levels of high school 
and college gradaates* as measured by the 
National Assessment of Educational Prog- 
ress, are steadily falling* In particular, de- 
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**Clauaan, op. dt 



ShlHs In smploymsnt sines 1020 srs chsrtsd for ths goods- 
producing industriss snd ths ssrvlcs sactor. Ths ssrvlcs ssctor in- 
cludss distributivs ssrvlcss such ss communicstions, utilltiss snd 
wholsssis trsds; rstsll trsds; consumsr ssrvlcss such ss 
rsstsursnts, dry cissning snd rscrsstion; producsr ssrvlcss such ss 
accounting, banking snd lagsl work, snd nonprofit snd govsmmsnt 
ssrvlcss including hsslth. aducstlon.snd nstionsi dsfanss. 

SOURCE- E Qlrub^O snd Q. J Vo|ts. "Ttw Swvlcs Stctof of th* U.S. 
Economy," Sc/»nr/Wc Am»r/c«n, March iQil. 

dines in achievement have been noted in sci- 
ence and mathematics/* 

Historical trends over the last decade in the 
achievement levels of 'students for selected 
subject areas are shown in table 5. The weU- 
documented decline in the science literacy 

^•NationU Aaaaaamant of EducaUonal Prograaa, Tbraa Na- 
tional AaaaaaiaaDta of Sciaaca, raport 08-64)0 (Danvar. Colo.: 
Educational Commiaaion of tha Stataa. 1978); National Aaaaaa- 
mant of Educational Prograaa. Cbangaa in Matbamatical 

Acbiavamant, raport 00-MA-Ol (Danvar. Colo.: EducaUonal 
Commiaaion of the Sutaa. l»7»)r Sciaaca Educatioo Databooli. 
1960 raport, SE 80^ (Washington, D.C: National Sdanoa Foun- 
daUon. 1980). 
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Offlc* (tosign mod«l for Information gathtrlng and cormnunlcatlons Is In usa tn many modam off leas and haa changad 
tha dasign concapt of many of fleas throughout tha.businass community 



T«Ma 5.*Achtovafn«nt Taat Soora Avtragaa, 1072*79 (numbars In tfUMiaanda) 

1072 1073 1074 1075 lOTe 1fl77 1078 1070 

Afmrnga k>r all msNwrnant HatB 626 $27 633 631 63$ 633 631 62$ 

English composition , 51« 517 517,515 532 510 512 514 

Mathamatlcs Laval I ...... . 541 537 545 645 646 647 541 537 

Amarlcan history and sociaJ siudias 402 406 406 404 403 402 406 460 

Biology ; 535 532 645 544 643 543 644 647 

Chamlstry 563 572 581 560 667 574 577 575 

Mathamatlcs Laval II - — - 660 666 666 666 667 

^f^oh 530 544 660 553 563 563 662 554 

SpMninh 530 530 660 644 647 635 664 642 

Lltaratu ra _ - 522 625 526 621 522 

^y»IC» - - - 601 602 503 501 560 

: . . . - - . - 647 666 651 663 550 

Europaan history and world culturas — — 621 631 5^ 607 516 

- - ~ 514 524 5lX 508 624 

Avaraga SAT scoras for takars of . ' 

achlavamant tasts* 

Verbal _ _ _ _ 501 504 607 508 

Mathamatlcs — — ^ — 553 553 554 654 

not compuiad prtor lo If/S. Dait for 1079 an MtlmaiMl from tcortt of IndlWduat achl^vtmcnt tmf for ihM yMr, 
SOURCE: 8c(*nc« Education OaiAbook. National Sclwtca Foundation: dartvtd from tha Admlaalona Taatlng ^roorwn of tha 
Collaga Soard. NmitonMi ntport, Cotlf/t Botrnd 8m)k>f% 1977, p, I, 197$, pp. 13-14. 197% pp. 13-14, 



rates of students does not necessarily imply 
a failure of the schools themselves. Declines 
in student performance mi^^t stem from social 
factors that are independent of the classroom. 
Mweover, because the schools have had to ex- 
pand to. accommodate an increasing number 
of students, some of whom have come from 



disadvantaged backgroimds, it may be that 
literacy rates have declined because more 
selectivity factors are operating now than in 
the past. 

• There has been an insnf lldrat response by 
schools to the need tm increased mathe- 
matical, technical, and computer literacy. 
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A sodologist studying hqw ochools in a dis- 
trict heavily popiUated by high-teclmology 
dustry responded to the increased needs for 
technological literacy concludpd that these 
schools have in fact moved away from a sci- 
ence and technology curriculum.'^ The Nation- 
al Science Foundation (NSF) and Department 
of Education, in their report to the President 
on sci^nce and technology education, concluded 
that the secondary schools were not carrying 
out their responsibilities effectively.'* The 
report notes that the divergence is widening 
between the amounts of science and mathe- 
matics education made^ available to the few 
who wish to become professionals and to those 
who do not, a divergence further increased by 
a general lowering of performance standards 
and expectations. A shortage of mathematics 
and physical science teachers and the erosion 
of the teacher support system weaken the ca- 
phcity of the schools to provide quality in- 
struction to all students, majors and non- 
majors alike. 

'^Elizabeth Vsmm, "Education and High Technology In- 
diwtry. The Caae of Silicon Valky," unpublished August 1981, 
InsUtute for the Interdisciplinary Study of EducaUon, North- 
•aatem University, Boston. \f ass. 

»'&jence and EngiomriDg Educmtkm for the 1980'a Mad 
Beyond (Waahinton, DC: National Sdenco Foundation and De- 
partment of Education, October 19801. 

Information 

The Bureau of Labor Statistics (BLS) has 
prepared a study of the growing demand for 
professionals trained specifically in computer 
skills.*' Its estimates, shown in table 6, mdi- 
cate that 685,000 new jobs will be created and 
260.000 replacement openings will occur over 
the next decade, creating a need for nearly 1 
million new professionals trained in computer 
skills. 

The estimates of BLS are probably conserv- 
ative, since only traditional computer job cate- 
gories were examined Other types of jobs like- 
ly to become important over the next decade 

^^Enmhymmt Tnotk in Computm- OccupaUooM, BulWiln 
2101 (Waahington. Dcpartmiot of Labor. Buraau ci Labor 
SUtiatica, Octobar 19811. 



The NSF report to the President also ex- 
amined the status of technical literacy in other 
countries; To the extent that there is a connec- 
tion between technical Uteracy, economic pro- 
ductivity and,growth, and national security, 
the comparisons should be worrisome. Exam- 
ining the stat^ of science and engineering edu- 
cation in West Germany, J apan, and the Sovi- 
et Union, the report observes: 

. . , these countries are educating a substan- 
tial majority of their secondary sdiool popular 
tion to a point of considerable sdentilBc and 
technological literacy, ifi part because they 
apparently believe that sudi literacy is impor 
tant to their relative international positions. • 

In addition, the report states that the Soviet 
Union has el^nentary and secondary level cur^ 
ricula in science and matheiiiatics that "sur- 
pass that of any other country." (A British 
study of (engineering education noted that in 
Japan, even high school students majoring in 
the fields of humanities and liberal arts obtain 
enough knowledge in science and'mathematics 
to attend engineering school and compete sue- 
cessfully.)*^ 



^•EiighmriogOurFatwra^TwporioithaOx^ 
into the Engineering ProfeMion. Her Mijeety'e 8Ut«meot Of- 
fice, London, January 1080. 



Professionals 

Tabia a.-Raqi|lramanta for Computar Spaclallata 
(data in thousands) 

Occupation 1060 Pro)sctsd 

Syatsma analysta 243 400 

Programsrs 341 800 

Equlpmsnt opsrators 622 850 

Data sntry tschnlclana 288 230 

Sarvlcs tschnlclana 

Total 1>8S 

SOURCE: anptoyfr»#rtf Tnnd* In Compufr OccufMlonB, •««»J»n,?J<M 
(WitWnOton, D.C.: Dtpwlmtoi ol Labor, SurMU ol Lttoor 8litl«tlc», 
Ootob«f iQtl). 

include design engineers to create new t3rpee 
of microelectronic chips, industrial engineers 
trained in computer technology to support 
what some experts see aa a necessary surge 
in industrial automation, information spedal- 
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ists to help the average user make effective 
use of automated data systems, marketing 
and management personnel for the emerging 
information industry, and content producers 
for entertainment and information services. 

OTA was unable to find any reliable esti- 
mates of the projected growth of these types 
of jobs. However, these jobs wiD no doubt add 
to the total demand projected by BLS of 
2,140,000 spedalistaby 1990. These numbers 
are significant because aU of these jobs require 
individuals with similar types of knowledge 
and work skills. Thus, employers will be com- 
peting to fill such jobs fi-om the same limited 
pool of infwmation specialists. 

Against the requirement of nearly 1 million 
new jobs, NSF projects that there will be a 
total of 167,000 baccalaureates and masters' 
^ levd graduates in the computer professions. 
Projections of community college and public 
and private vocational education graduates 
over the next decade have not been made. In 
the academic year 1977 to 1978, these schools 
produced about 67,000 graduates trained Sfi 
the computer field. 

Several observations can be made: 

• "The enhancement of productivity in the 
computer field will likdy affect jobs at the 
lowest levels first For instance, advances 
in programing languages may decrease 
the need for entry-level program coders. 
However, neither BLS nor NSF examined 
the structure of these jobs in any detail; 
furthermore, tl^iey did not look at trends 
in skill requirements* 

• Some of the jobs included in the BLS es- 
timates do nOl require college degrees. 
While no estimates nave been made of the 
number of jot^Blrequiring lesser skills in 
proportion to the total number of jobs, 
they are probably concentrated in the 
categories of data entry, equipment opera- 
tion, and repair. Some low-level program- 
ing jobs may also be available. 

• The production of entry-level computer 
science and engineering graduates will^ 
need to be sustahied during aperiod when 



the number of pec^le of traditional college 
age will be growing moro slowly and may 
consist of an increasing proportion of ed- 
ucationally disadvantaged students. 

• It is possible that, assuming no decrease 
in levels of support for vocational educa- 
tion, the community college and voca- 
tional programs may be able to meet 
many of these needs. It it noteworthy, 
however, that some concern has been ex- 
pressed by business about the mismatch 
between current vocational programs and 
the needs of industry. (See ch. 6 for a dis- 
cussion of vocational'' education and in- 
dustrial trc^ning.) 

• Since computers are a relatively new tech- 
nology, the industry has had to live with 
personnel shortages from the start. One 
response has been to hire graduates from 
other fields and tiuun them in computer 
science and engineering. All thd major 
computer firms have extensive training 
programs, an approach that is less feasi* 
ble for smaller sized 'companies. 

• The rat& at which computer science and 
engineering training programs can grow 
may be limited not only by the ftyj^ting 
shortage of experts but also by the fact 
that, with salary scales that are un- 
competitive in comparison' with private 
industry, educational institutions may be 
unable to hire qualified faculty. 

• The generally inadequate educational ' 
preparation at the secondary level could 
reduce the pool of potentially qualified 
college entrants, an eventuality which 
could compel colleges and universities to 
lower admission standards for computer 
science majors and to require extensive 
remedial programs at the undergraduate 
level. 

The U.S. position in relationship to other 
coimtries is also unfavorable. As shown in 
table 7, of the four Western industrialized 
coimtries examined, the United States pro- 
duces the fewest number of engineers meas- 
ured as a percentage of the relevant age group. 
The percentages of engineers product in eadi 
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Tabto 7.-Pw:«nUQ«» of EnglnMring QrMluatM 
and Tr#nd» In SharM of World Trado 



Engineering 
Country graduatee 

United Statee 16% 

Unrted Kingdom 17% 

West Qergnany 2.3% 

Japan ^-2% 

8O0RCE National Scl«oc« Foondaltoo 



Share of world trade 



1063 


1977 


21% 


1ft% 


15% 


9% 


20% 


21% 


8% 


15% 



country correlates directly with the growth in 
their share of international trade over the last 
decade. While this is not proof of a causfrelfect 
relationsMp, it does suggest that one may 
exist. 



Information Scientists 



Doctorate-level graduates in engineering 
and science are needed to support innovation 
fkod growth in a high-technology society by 
conducting research that builds a foundation 
for new development, conducting appHed re- 
search and product development, and staffing 
coUege-level computer science and engineering 
programs. NSF found that the most serious 
shortages of Ph. D.'s are in computer sciences 
and in engineering, the two areas that are at 
the leading edge of technological growth. The 
production of Ph. D.'s in the computer sci- 
ences and in engineering has not grown signif- 
icantly over the last decade. In fact, in the case 
of engineering, it has dropped. The situation 
may be even worse than the nimibers indicate, 
since NSF estimated that in some depart- 
ments nearly half the engineering, graduate 
students are foreign nationals. While some for- 
eigners may stay in the United States and 
enter the U.S. labor pool, others will return to 
their native countries. 

Several factors have been mentioned as un- 
derlying the Ph. D. shortage: 



• Engineering programs are experiencing 
repercussions from an oversupply of two 
decades ago followed by strong student 
antipathy in the late 1%0's and lOTO's. 

• Computer science programs have experi- 
enced their strongest growth pressures in 
a time of general retrenchment in aca- 
demic budifets. 

• A short&ge of top-level, research-oriented 
faculty prevents the growth of graduate 
programs; 10 percent of the faculty open- 
ings in computer science were unfilled in 
1980. 

• High private sector salaries and tight 
basic research .funding are drawing the 
best faculty out of the classrooms and 
laboratories. 

• High salaries for programers, analysts, 
and engineers at the baccalaureate and 
master levels are attracting students 
away from Ph. D. programs. 
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Chapter 4 

Trends in Information Technology 



I 

Electronics technology in genered has evolved rapidly over the last few decades, 
but the changes now taking place in conimunications, computers, and video tech- 
nology are, perhaps, the most profound. 



Findings 



• The next decade will see a wide assortment 
of new information techndogy products and 
services offered to the consumer. Many ex- 
isting products and services, such as the 
telephone or television set, will be altered 
and enhanced by incorporating microelec- 
tronics technology. 

• These new products and services are being 
provided by a rapidly growing business sec- 
tor palled the information industry. This 
sector is composed of both new firms ex- 
perienced in technology, and some tradi- 
tional publishing and entertainment com- 
panies that are adapting to technological 
advances. 

• While it is not possible to predict with cer- 
tainty which of these products will succeed 
in the marketplace, it is clear that a wealth 
of new technology wUl be available to the 



home, school, and business. Many of these 
products and services wiU, at least initial- 
ly, be directed to upper-income consumers. 

• Educational users are not likely to stimulate 
the development of technology specifically 
oriented to their needs. Rather, they will use 
products and services designed to serve 
other consumer markets such ns business 
and entertainment* 

• New fi^lns in the information industry may 
play key roles as new t>roviders of educa- 
tional hardware and curricula. Curricula 
may also be provided by a few traditional 
textbook publishers that are moving into 
new information technology markets. 

• Automated work stations, such as word 
processors, are beginning to incorporate 
training and job assistance software. 



Comm^inications 



Several new types of communication tech- 
nologies are being developed and installed. 
They will offer the following improved capa- 
bilities: 

• The cost of conmiunications, particularly 
high-speed, long-distance data transmis- 
sion, wiU continue to drop. 

• Users will have a variety of communica- 
tion services available to serve different 
needs. 

• Communications networks will be easier 
to use, so that users can build distributed 
networks of mterlinked computers and 
terminals. 



• Much larger volumes of data can be car- 
ried over the lines. 

• Ab international data communicationa 
A network is evolving that will allow the es- 
tablishment of high-speed communication 
links between virtually any two points on 
the globe. 

Specific communications technologies con- 
tributing to this picture are two-way cable, 
satellite conununication, digital telephone net^ 
works, new local loop distribution technolo- 
gies, and new broadcast technologies, such as 
the direct broadcast satellite and the low- 
power broadcast. 
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Cable 



Cable television transmits the signal to a tel- 
evision receiver directly through a wire rather 
than through air waves. Its principal advan* 
tages are better reception, the ability to direct 
specific signals to si>ecific receivers, and the 
availability of more channels for use. 

Originally viewed simply as an antenna 
shared by a community, usually in an area 
with reception problems or with limited locftl 
service, some cable systems have been in place 
for over 30 years, and their growth has been 
slow. Cable now, howeyer, seems to have 
passed a critical threshold and is growing 
rapidly. This growth is spurred by the availa- 
bility of a number of new services and»,in the 
view of some, by the deregulation of the cable 
industry. The number of past and projected 
installations of cable in homes and the number 
of local community franchises for new cable 
networks tQ serve them are shown in table 8. 

The principal technological differences be- 
tween older and new cable systems are the 
numbers of channels and two-way access. 
Older cable ingtallations provide oftly a small 
number of chffllels into th| home, in some 



cases, less than 12. Some modem systems now 
being installed provide over 100 channels. It 
has been estimated that by 1990 over 60 per- 
cent of the homes served by cable will have 
access to more than 30 cKannels.^ This addi- 
• tional channel capacity id imp(»tant for educa- 
tional purposes, since it implies the potential 
availability of a wider variety of programing 
aimed at narrower audiences (called narrow- 
casting). The content of television program- 
ing no longer must be determined by a limited 
number of channels serving a mass market. 

Two-way access means that in addition to 
receiving programing from the cable center— 
the "head-end"— the user has a conraiunica- 
tion channel back to the center. In curren|i 
systems such as the Qube system in Colum- 
bus, Ohio, the viewer has a hand-held key- 
board through which he can make responses 
to program inquiries. Some two-way systems 
allow the connection of security devices such 
as fire or burglar alan^is and meters that can 
be read remotely for utility billing. 

'LINK, /V^m^ Electronic Media Progrm. 
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Operating systems . . 

Total subscription households 

SOURCE LINK 



400 

150,000 



1960 



1965 



1970 



1976 



1960 



640 1.352 
650,000 ^1,275,000 



2,4Q0 
4.500,000 



1965 

^ 3,606 4.226 6,000 
9,800,000 16,000,000 33,000,000 



Satellite Communication 



In slightly over a decade, communication 
satellites have become a major component of 
the national and international communication 
network. The past and projected growth of 
communication satellite usa^ for a variety of 
servicee is shown in table 9. These projections 
of growth depend on assumptions about what 
new services may be developed and about how 
much satellite capacity may be available. 



Tablt 9.— Pro}9Ctod Domand for Satalllta 
Communlcatlona In Numbar of Tranapondara 

1965 19 90 1996 

Data 124 74 117 

Voice 288 ' 660 1.008 

^Vldao-conferenclng 20 100 200 

Vldeo-talevislon JlOO ^ 226 

Total ^ 1.034 1>S50 

NOTE Prot«otlont vary o^Mtly 

SOURCE U 8 8ttt<lll« Syittmi Inc., fWno B^fon fCC, Nov 23. 1«1 , 
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Availability is affected by technical eccmomic, 
and regulatory facers that are independent 
of the existence of a potential market. 

Different tftudi^ have resulted in striking- 
ly different estimates of communication sat- 
ellite usage. The numbers shown in table 9 
are estimates based on these studies and are 
thus useful only to indicate trends. 

The growth of communication satellites is 
closely connected with that of cable systems. 



The basic technology of the telephone net- 
work and its use is changing. The principal 
shift is from an analog^hased system to a 
digitaPhased one. In ancJog transmission, the 
human voice (or any sound pattern) is trans- 
formed into electrical wave form, similar to the 
way music is stored on a record as a series of 
wavy lines. Digital transmission, on the other 
hand, encodes the information as a series of 
discrete pulses. In a manner similar to that of 
Morse code, different sequences of pulses rep- 
resent different numbers. The sound wave is 
encoded as a series of numbers and then con- 
verted into sequences of electrical pulses on 
the line. 

The shift to digital transmission will pro- 
foimdly affect both the potential uses of the 
network for data transmission and the types 
of sophisticate communication services that 
can provides. Digital technology aUows the 
transmission lines to carry more information 
at higher rates. Moreover, transmission is 
more accurate. Distortion of analog signals 
does not usually affect normal voice conver- 
sation; however, computer data transmission 
is far more demanding. Digital coding allows 
for error correction. 

The digital communications network com- 
bined with the presence of computers, both 
within the network and at the terminal ends, 
will provide a basis for a wide array of new 
communication services that unite the com- 
munication of information with the ability to 



Satellites stimulated the development of new 
types of television networks formed specifical- 
ly to serve cable subscribers with specialized 
programing in such areas as news, sports, re- 
ligion, minority interests, movies, and fine 
arts. This programing is distributed over a 
combination of satellite and land communica- 
tion lines to the cable center, where it is then 
redistributed to the subscribers* homae. 

V 



store and process it. Most electronics technol- 
ogy on which the tefephone network is becom- 
ing dependent is digital. Central office switch- 
ing is computer-based, as are most new PBK 
(Private Branch Exchange)* systems on the 
market. A new generation of tcdephonee baaed 
on digital microcomputer electronics is also 
appearing. 

A service already being offered js "packet- 
switched^* data transmission, which is de- 
signed specifically to carry data between a 
computer and either another computer oi^a 
computer terminal In this type of syste^kit 
digital information is packaged in small pieces 
called packets. A packet contains information 
about the source and destination of the data 
and the relationship of that piece to the whole 
message. The packets are transmitted aep- 
arately through the network, sometimes tak- 
ing different paths, depending on which paths 
are free at the moment. 

The telephone network was originally de- " 
signed for human conversation, not for com- 
puter data transmission. That the require- 
ments of these two types of communication 
are significant]^ different is^hown in table 10. 
Packet switchhig systems incorporate com- 
puters into the net^rk in such a way as to 
make it far more efficient for data transmis- 
sion. It is cheaper, faster, more accurate, and 
eliminates some incompatibilities between the 
various types of equipment on the network. 
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Tabto 10.---Chi9f Characttristics of 
Voica V. Data Communication 

Voice Data 

Transmission 

speed Uow Very hlgrf-V 

Characteristics of 

-message Infrequent bursts Nearly constant 

Of data 'use of line 

Length of time 
connected to 

network. Minutes Hours 

Sensitivity to 
distortion Very low Very high' 

SOURCE: Office of Tcchnoiogy AtMStmtnt. > 



Packet systems, because they lease tele- 
phone lines from AT&T and produce a dif- 
ferent type of service for their own customers, 
are called "value-added carriers." They are 
under Federal Communication Conmiission 
(FCC) regulation. Other future services that 
link computers and communication lines will 
not be so clearly classifiable as conmion ear- 
ners, since computers within the network and 
at its nodes will provide services that look like 
data processing and storage. For this reason, 
they may not be regulated. 

It has not been completely decided— either, 
by the courts, by the regulators, or by the 



marketplace— which of these advanced serv- 
ices the telephone companies will be allowed 
to provide in competition with other com- 
panies in the information business, and what 
the rules of competition will be. The implica- 
tions of the recent reorganization of AT&T, 
agreed on between AT&T and the U.S. Depc 
ment of Justice, are still not cleai:> althouj 
the teliBCommunications and information i 
\6&s marketplace will be affected. Congress 
may wish to legislate in certain areasyw tele- 
commimications policy that it still tepls to be 
unresolVed. 

Digital data commimication services have 
been particularly important to higher educa- 
tion, which has been experimenting with their 
use to form nationwide computer networks.. 
For example, the Edunet system facilitates 
the ' exchange of ^ucational computer pro- 
grams and the sharing of unused computer 
resources among institutions. .Under sponsor- 
ship of the National^ Science Foundation, 
university computer science departments are 
forming a network of their departmental edu- 
cation and research computer systems to allow 
scientists all over the country to share pro- 
grams, resources, and ideas, and even to work 
on joint research projects. 



Local Distribution Networks 



A local exchange is that part of the telecom- 
munications network that provides point-to- 
point ^service within a given geographical area, 
ranging from a single office building to an en- 
tire metropolitan area The telephone con^)any 
has historically been the provider of this serv- 
ice; however, competitors, stimulated by de- 
regulation to make use of new technology, are 
now developing technologies that promise to 
change the economics and form of loc^ data 
transmission. 

Thus, for example, some experts predict 
that as an outgrowth of the potentially large 
capacity of cable transmission technology, the 
ne3|ct stage of dable services will be the provi- 
sion of fidl two-way data transmission services 



within local areas. Some channels of two-way 
cable service will be withhdd from general 
home use and sold to Government agencies, 
school systems, and btiiinesses to form their 
own private cable-based communication net- 
works. Local franchises in a few areas (e.g., the 
New Orleans, La., agreement with Cox Cable) 
are already providing for this type of facility.* 

Other firms are experimenting with packet 
commimication systems that use broadcast 
media. Networks for interoffice communica- 
tion are also being devel6i)ed, principally by 
firms interested in the office automation 



*CMbh TV'b Third Wave: Local Broadband Ck^nuaunication 
Servicea, NRM, vol 2. 6. LINK. New York. 1981. 
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market which wilTmake it possible for dif- 
ferent t3rpes of coiiiputer equipment located 
in different parts of a building to communicate 
with one another, transferring data and proc- 
essing work as needed. Finally, a new form of 
broadcast transmission, called cellular rad^, 
will greatly increase the availability and use 
of mobile telephone communication. 

Both regional and office techiiologies prom- 
ise a number of benefits to educational usersr 



they will provide a mechanism to distribute 
programing among schools in a district or 
within a school; they will facilitate the shar- 
ing of expensive resources; and they will allow 
educational services to be directed outside the 
school— to homebound students, to students 
with special needs and interests, and to voca- 
tional students at their workplaces. 



New Broadcast Technologies 



A number of recently developed communica- 
tion technologies will make new services avail- 
able for the distribution of programing. While 
most of the industry is focusing on applica- 
tions in the entertainment market, these serv- 
ices will also have important potential educa- 
tional use. 

Direct Broadcast Satellite 

In a direct broadcast satellite (DBS) system, 
a satellite transn^uts a prdgram directly to a 
receiver in the home or office, bypassing the 
intermediate, step of using cable. Several com- 
panies have applied to FCC for permission to 
offer this service, and, if approved, it would 
become available toward the end of the I980's. 

The applicants have different views of the 
. forms a DBS service might take, ranging from 
traditional pay television . to new video 
technologies such as high-resolution televi- 
sion.* One applicant would use it as a more 
highly developed form of network transmis- 
sion tacable and other redistributors, rather 
than to home consumers. It is noteworthy that 
at least one applicant, COMSAT, has induded 
an educational ghannel in its proposal. If avail- 
able, DBS could be a relatively inexpensive 



*A television receiver ''draws'' its picture as a number of dots 
on the screen. Its resolution, the fineness of detail that can be 
displayed, is fixed by decadee-old transmission standards. The 
hi^ar resolution di^(>lays that occur in computer graphics sys- 
tems are technicall/feasible. Because more information must 
be transmitted to produce more image detail, substantially 
greater bandwidth is needed for transmission. 



means of distributing educatioiial programing, 
particularly in rural areas where providing 
adequate education and other social serviced 
is still a costly and difficult process. 

A number of market, technological, and reg- 
ulatory issues, some of them international in 
scope, must be resolved before a DBS system 
can become operational. Many questions re- 
main about the potential utility and market 
for such t3T>es of services. Will DBS simply 
compete with current cable offerings, and 
so, what are its advantages? Would high-reso- 
lution television find A viable market? Are 
special provisions needed to ^courage its use 
for such public services as education? Final- 
ly^ many users are competing for the increas- 
ingly fewer available frequencies of the elec- 
tromagnetic spectrum and for orbital ''park- 
ing places'' for satellites.** Woidd currjBnt pr 
potential uses of these resources allocated to 
DBS be more productive, more economicsil, or 
of greater value to: society? 

LiOw-t'ower Broadcast 

In 1980 FCC began to consider applications 
for licenses to establish low-power television 
statioils. Such stations broadcast with re- 
stricted power that limits their range to a few 
miles (10 to 15 miles or even less). 



**Broadcasting equipment such as satellites transmit their 
information on an assisted radio frequency. When this frequen- 
cy is being used for one purpose, ho other use of the same fre- 
quency can be tolerated in geographical areas where the two 
sfignals might interfere with one another. 
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1m. 

It is estimated that low-power stations will 
require a relatively small capital investment 
to set up, possibly as little as $5,000. Further- 
more, since the sj^ations have a restricted 
range, many more licenses can be granted 
witMn any geographical region. FCC's stated 
purpose for promoting low power is to provide 
greater diversity of ownership and program- 
ing than that traditionally available over the 
restricted number of broadcast channels cur- 
rently serving an area. The advantages of low 
entry cost and license availability may mlake 
low-power stations attractive as a medium for 
distributing educational programing and pro- 
viding other public services^ 



Low-power stations can bexonnected and 
used to distribute programing from.a central 
source Similar to the way that cable operates 
now. Programing can be distributed by satel- 
lite or by less exotic means, such as by. mail* 
ing video cassettes. A network of inexpensive 
low-power stations could serve as an econom- 
ical way to provide television broadcast to 
regions with low population density. For ex- 
an^le, the Alaskan Public Broadcasting C!om- 
mission has authorized an experinq^ental net- 
work of low-power stations to serve the reS" 
idents of Bethel, Alaska. Similar systems are 
also being developed in Canada to sterve re- 
mote northern regions. 



Colnputers 



The fundamental technological base for com- 
puter hardware has undergone revolutionary 
changes over the last decade that are expect^ 
to continue in the next. In 20 years, computer 
designers have advanced from using vacuum 
tubes, through solid-state transistors, to using 
microelectronic integrated circuits on single 
silicon chips the size of a dime. Researcher^ 
are now developing the ability to print elec- 
tronic circuits in the sub-micron (less than 1 
millionth of an inch) range. 

These developments have had an enormous 
influence on t^he way computers are used and 
on who uses them. A mass market for com- 
puters and computer software has developed 
that serves retail consumers. Where computer 
ownership and operation used to be restricted 
to large, expert organizations, it now poten- 
tially extends to millions of homes, small 
businesses, and schools. Contributing to this 
trend is the fact that the cost of computing 
has dropped steadily and rapidly— to the point 
that so-called desktop coniputers can be pur- 
chased for no more than a few thousand dol- 
lars. These small machines have the capabili- 
ty of computers that two decades ago sold for 
hundreds of thousands of dollars, and it is an- 
ticipated that their price will continue to drop. 
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In addition, networks of computers now 
allow the owners of even a small computer to 
gain access to special resources— hardware, 
software, or data bases^and enable them to 
communicate amcpg themselves. Moreover^ 
software, which instructs the computer how 
to do specific t3rpes of work, is becoming 
available in the conunercial market. In the 
past, computer operators were faced with the 
problem of developing ipost software them- 
selves, an expensive task that required com- 
puter expertise. Nt)w, there are enough users 
with similar computer hardware and needs to 
form an attractive market for software. 

Other consumer devices that use microcom- 
puter technology to increase the capabilities 
of traditional consumer products such as type- 
writers, automobile carburetors, television ' 
sets, or thermostats are also being marketed. 
In some cases, entirely new products, such as 
computer video games, are being developed. 
However, these are not designed to be used 
as computers. 

These general technological trends are re- 
sulting in the availability of a number of spe- 
cific products. 
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Desktop Computers 

Desktop, or personal, computers are small ^ 
machines that retail for prices ranging from'* 
lees than a thousand to a few thousand dollars. 
Th^ are based on mio^oelectronic technology, 
using inexpensive memory and computer 
chips commonly avcdlable on the market. Most 
current desktop computers are based on one 
of two basic dbip designs that use an 8-bit 
word as their fundamental unit of informa- 
tion.* Newer models are appearing, however, 
that use a more recently developed 16-bit word 
chip. (Larger word-size generally results in 
faster computation and more memory direct- 
ly availab^ to the machine.) 

.The owner of a desktc^ computer fa[£is a wide 
variety'of attachmeiits available. These ''pe- 
ripherals" allow th^ computer to perform var- 
ious tasks— radk as printing results, drawing 
graphs, comMHcating oyer the telephone 
line, storing information (e.g., on magnetic 
tapes or disks), and even generating musical 
sounds. While the computer manufacturers 
themselves offer a selection of peripheral 
devices, many have been designed and mar- 
keted by independent firms. The role played 
by these small independent firms has ui^oubt- 
ep|r stimulated innovation in the small com- 
puter field and, by developing new applica- 
tions, accelerated the growth of the market. 

Over the last 6 years^ the structurVof the 
market has undergone substantial changes. 
Desktop computers were originally developed 
and sold by small entrepreneurial firms such 
as Apple, one of the most successful to date. 
However, an unexpectedly broad consumer y 
market rapidly developed, and in response, ^ 
larger, more consumei^oriented firms entered 
it. Tandy Corp., for example, entered the 
desktop computer market with a machine 
called the TRS 80. While not a computer cdtn- 
pany, Tandy had a national network of retail 
outlets— Radio Shack-^through which the 
small computers could be sold to consumers 



interested in electronics. This company 
became a major competitor in the market. 

Atari, originally a small firm manufactur- 
ing video games, but now a subsidiary of 
Warner Communications Co., followed soon 
after. Most recently, giant firms such as IBM, 
Xerox, and Digital Equipment Corp. (DEC) 
have entered the market. The growth of this 
market is continuing, albeit at a slower pace, 
stimulated by use of con^uters for entertain- 
ment and games, education, household man- 
agementr and hobbies (e.g., computer-gen- 
erated art or music). 

Another market, originally unanticipated, is 
that of the small business user. It started slow- 
ly, principally because professional users were . 
often nonexperts who needed more reli&ble as- 
sistance and better software than the mcmu- 
facturers were originally willing to provide. 
However, growth of the business market has 
been rapid, and most experts expect that it 
will predominate in this decade. 

Finally, many manufacturers see the educa- 
tion market as one with great potential Ap- 
ple, Atari, and Tandy have set up nonprofit 



^ 

*An 8-bit word is a quantity of information roughly large 
anougfa to contain a ain^ alphabetic or numerical chwacter. 
A l^bit word can contain twice aa much information. 




Software aeiectlon available «t a Yonkera, N.Y., atore 
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organizatioiis intended to encourage the edu- 
cational use of computers. (The past and pro- 
jected growth of the desktop market is sum- 
marized in tables 11 and 12, and fig. 2.) 

Growing along with the desktop computer 
industry are the firms that provide the pro- 
grams for these devices. Nearly all of these 
companies are new, started by one or a few 
programars with a bri^^t ide& Their packaged 
programs make the computer useful, and 
therefore attractive, to most customers. Given 
the current size and expected growth of the 
personal computer market, a single successful 
program can make a firm's fortune and estab- 
lish it in the business. Like the independent 
peripheral industry, such software companies 
have been a major force in expanding the use 
of desktop computers. For example, the avail- 
ability of VISICALC^ a budgeting and plan- 
ning program offered by Visicorp, has been 
dted as the principal reason tJiat some 
businesses bought desktop systems. Similar- 
ly, the availability of sophisticated word- 
processing and accoimting packages has 
opened the business market to small 
computers. 

In some ways the small computer software 
busihess resembles that of traditional book 
publishing. A software company often pur- 
chases rights to distribute packages written 
by independent programers. The company, 
which' i^ay also assume the costs of testing 



Tabto 11.— U.S. Installed Base of Psr^mal 
Compulsft by Marks! Ssctor* (units In thoussnda) 





1862 


1063 


1064 


1066 


1066 


Hofn«/!K>bby 


700 


1,327 


2,357 


3,407 


4,706 


Businsss/profMSlonaJ . 


. 1,230 


2,345 


3,075 


0,025 


6,428 


Total 


. 1,930 


3,072 


0,332 


0,432 


13,226 



*taMd on IOC Sunwy of OMktop Computari. 
SOUflC&UNIC 



Flours 2.— Inotalltd Baoo MIcroo 
Total Univsrso and School Installed 




SOURCE: UNK. ' 
m 

and documenting the program, handles all the 
standard publication jobs of production and 
marketing/ Some programers are b^finning to 
be welMHown. Tlieir names are attached to 
the software packages jiist as those of authors 
are to books; and, just as with books, cus- 
tomers often show preferences for software 
written by particular programers. 

Hand-Held Computera 

The hwd-held con4>uter is somewhat larger 
than a normal pocket calculator, contains a 
microcomputer chip and sufficient memory to 
allow simple programs to be entered and run, 
and sells for only a few hundred dollars. It is 
both much cheaper and considerably more 
portable tiian the desktop computer. 



Table 12.— Micros In Schools (inttillsdtMm) 



school district School Isvsl j^tsl for TotsI 

Hsrdwsrs for K'12 Qrsdss K-6 Qrsdss 0-12 Collsgs 1061 Instsllsd 

Totals ■ , . > ^ > 10,400 10,600 22,600 30,000 80,000 146,000 
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Its portability, however, is also the source 
of its limitations: the keyboard is small and 
difficult to use fjpr entering large amounts of 
text; the display is limited to a sin^e line of 
text or numbers; and no convenient, fast, bulk 
storage such as a floppy disk is attached. 
These de^dencies may be overcome by design- 
ing the hand-held computer to plug into oUter 
hardware devices, thus sacrificing its porta- 
bility. 

One promising application of the hand-held 
computer for educational use will be as an in- 

Huikian 

Much research and development (R&D) in 
computer technology is directed at making 
computers and humans comniunicate with or^ 
another more easily, a process referred to as 
inputyoutput. The input function has two basic 
activities: 1) instructing the computer in the 
task that it is to perform; and 2) reading data 
or instructions into the computer quickly, ac- 
curately, and inexpensively. The output func- 
tion refers to producing results that are un- 
derstandable and easily used either by a 
human or, increasingly, by some other com- 
puter or machine. 

New languages are being developed to help 
both experts and nonexperts program com- 
puters more efficiently. Many of these lan- 
guages are tailored to specific applications- 
such as educational use. For the professional 
programer, the goal is to develop languages 
that allow increased productivity— either 
fasjber and more accurate programing, or the 
creation of more complex programs. For non- 
expert users, the goal is to provide a language 
closely related to their language and problem- 
solving styles. 

^ Computer experts see a close connection be- 
tween the language used to program a com- 
puter and the mental problem-solving strategy 
of the person using it. If the logical structure 
of the programing language is significantly 
diifferent from the user's mental processes, the 
language can actually be a barrier to effective 

ERIC 



expensive terminal Although containing with- 
in itself some computer power, the hand-held 
computer could alto be used in conjunction 
with a communications network connected to 
one or more larger computers. In an educa-^ \ 
tional setting, for example, students might use 
their personal hand-held computer by itself 
wherever possible. For assignments that re- 
q^e more capacity, the hand-held could be 
linked over a phone line to a larger system at 
the school. 



Interface 

T 

. ^ computer use. On the other hand, according 
" to this theory, a properly designed program- 
ing language can actually guide thet user to the 
solution of a problem. It was this latter obser- 
vation that led to the creation of a program- 
ing language called LOGO, which was de- 
signed for educational use. This language 
teaches children new patterns of thinking 
about problems, patterns not only more at- 
tuned to the use of computers, but also- 
according to some experts— more powerful for 
solving very complex problems. 

Data have traditionally been typed into the 
computer, either directly or through punched 
^ cards or some other intermediate medium. 
Technology is now appearing on the market 
to input directly, either by speaking to the 
computer or by showing it pictures. Present 
voice input capabilities are quite limitefl, 
however. Only a f6w hqndred words can be rec- 
ognized, and these only in a few specific voices 
for which the system must be trained. During 
this decade, experts expect that significant ad- 
vances wiU be made in both vocabUhtty size 
and number of speakers that can ber recog- 
nized. An interesting application o^a hand- 
held computer would be as a personalized voice 
input device that is tun^ to respond only to 
the owner's voice. 

The prindp&l developments in output tech^ 
nology have been in the areas of low-cost 
printers, graphics, and voice. Printers have 

4ti , 
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historically been an increaaingly expensive 
technology to add to small computers. Pre- 
dominantly mechanical, they have not shared 
in the price reductions experienced by elec- 
tronic devices. Recently, however, stimulated 
by the growing small-computer market, a 
number of firms have developed inexpensive 
printers that use electronics more extensive- 
ly. These ''dot-matrix" printers, selling for a 
few hundred doUairs, print characters as pat- 
terns of small points. Besides cost, other ad- 
vantages of the dot-matrix printers are that 
they can produce a wide variety of type fonts 
without changing the print mechanism and 
that they can be used^^to print graphic 
material. 

Lately, the most active computer peripheral 
market in new product development has been 
color graphics output. Systems can now dis- 
play solid shapes, in full color, with shading 
to reflect light sources and surface textures. 
While this technology is still very expensive, 
prices are dropping rapidly, and new and more 



sophislicated capabilities are coming on the 
market. Limited, but inexpensive and useful, 
color graphic capability is already available on 
most dei^t<9 computers. While elaborate, fiiU- 
scale graphics would be useful for engineering 
idesign education and for simulators— say, for 
flight training— the limited capability avail- 
able on small systems has not yet been fully 
exploited for many educational uses. 

Voice output technology, while still prim- 
itive, is also improving steadily in price and 
performance, although it is unlikely that ac- 
curate reproduction of human speech will be 
achieved in this decade. Texas Instruments, 
with its successful "Speak and Spell" line of 
products, has illustrated how useful even a 
limited capability^ can be for educational 
applications.^ 



*Speak and Spoil it a smmll hand-held device with a keyboard 
and display. It tpeaka a word to the learner, who types in thf t 
word on the keyboard. If the word is spelled correctly, the devke 
moveo on to the next word. It not, after giving tike child another 
chance, it displays the correct answer. 



Storage Technology 



Technology for storing data is steadily im- 
proving, for both large and small computer 
systems. The most significant developments 
for educational use are those storage technol- 
ogies used by software publishers for the data 
and programs they sell. The storage medium 
must be cheap, durable, easily handled, hard 
to copy (in the view of some firms), and, most 
important, usable by purchasers on their 
systems. 

Many desktop systems are designed to op- 
erate programs stored permanently on silicon 
chips in a high-speed memory that cannot be 
changed. This so-called "read-only memory'' 
(ROM), is plugged into a socket on the com- 
puter. Its most common form is the game car- 
tridge for the Atari and other electronic game 
packages. 

The other major memory technology for 
small computers is the floppy disk, which was 



probably as important to the development of 
the desktop computer as was the microproc- 
essor, itself. The floppy disk, which comes in 
5V4' and fitinch sizes, is most typified in word- 
processing systems in its 8-inch form. It pro- 
vides a low-cost, rapid, and reliable storage 
medium for the small computer. Programs are 
now commonly distributed on floppy disks. 
There is currently a debate about whether soft- 
ware firms will favor floppy disks or ROMs 
as the medium of choice for distributing their 
products. Disks are cheaper to reproduce, 
while ROMs are now harder to copy and 
''pirate." 

Now, economical bulk storage systems that 
use hard disk technology are becoming avail- 
able for small computers. These systems have 
many times the capacity of floppy disks and 
are much faster and more reliable. However, 
jchey are^also more expensive and do not pro- 
vide 'a facility for data backup. 
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Video Technology 



Like the computer and communications in- 
^ dustries, the consumer entertainment sector, 
principally television, is also making techno- 
logical advances. This decade is likely to see 
significant developments in several areas of 
video technology: video cassette recorders, im- 
proved quality (high-resolution, flat screen, 
large screen, high-fidelity sound), filmless 
cameras, and video disks. 

Video Cassette Recorders 

Video cassette recorders have already be-' 
come important consumer goods. Based on 
qonsumer surveys, their principal home uses 
seem divided between viewing movies^ par- 
ticularly those not readily available at local 
movie hpyises or on network television, and so- 
called ''time-shifting.'' Time-shifting means 
recording a program at the time it is broad- 
cast for later replay. (According to a recent 
court ruling, such practice may be in violation 
of the copyright law, although the court also 
acknowledged the difficulty of its enforce- 
ment.)* 

Video cassette ^recorders have become an es- 
tablished consumer technology despite their 
lack of standarjd recording format and their 
restricted marketability (to the relatively 
small upper-income bracket). It has not been 
difficult to produce and sell tapes indifferent 
formats, and time-shifting use does not depend 
on common standard formats. 

Improved Quality 

R&D is under way to develop basic new 
video technologies that promise better per- 
formance. Although none of these has yet 
reached the market place, experts think that 
at least a limited number will be available in 
this decade. 

The flat and large screen protection systems 
that are currently available are expensive and 

Wnivwnml Oty Studios v. Sony Corp.. 669 F. 2d, 963 (9th 
Cir.. 1981). 



awkward to use in small rooms. The goal of 
researchers is to develop a true flat display 
screen, since the market for such a technology 
would be large, not only for entertainment, but 
also for use in Computet systems. Since man- 
ufacturers are keeping their progress in this 
area quiet, it is hard to predict the likelihood 
of success. 

High-resolution television, another area of 
intensive development, may be closer to tech- 
nological realization. However, its widespread 
adoption wiU be hampered by the need to use 
different broadcast formats on transmission 
channels with much higher capacity, as well 
as* by the viewer's need to purchase expensive 
new receivers. For tllis reason, CBS is propos- 
ing the use of direct broadcast satellites for 
transmitting high-resolution programing. 
Cable is another possible transmission medi- 
um. Initial users are likely to be institutional 
users, such as theaters, that can eSford to pur- 
chase receivers and pay relatively high trans- 
mission costs. 

Filmless Camera 

The Japanese firm, Sony, recently an- 
nounced the development of a camera that op- 
erates electronically. The camera, which 
combines video and computer technology, 
"writes" a pictiu'e on a very smalli reusable 
floppy disk. The picture is then viewed on a 
television display. The initial version is expen- 
sive, and its performance is limited by the 
resolution capability of current television dis- 
plays, which is much lower than that of film. 
However, the future availability of high-reso- 
lution television displays will idlow a picture 
quality as good or better than that of film. 

Video Disk 

A technology eliciting much interest from 
the education conununity is the video disk, a 
medium that stores television programing on 
a disk resembling a phonograph record. Edu- 
catG^s and information publishers are excited 
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about its potential because such disks are 
4unible, «ad copies are cheq> to produce. £a^ 
disk has two sound tracks, which inay be ^ 
played singly or together, and individual 
frames on the disk can be addressed and 
viewed. Moreover, the storage capacity of a 
disk is high— 56,000 frames on a side. Com- 
puter data and programs can also be stored 
on such a disk. 

These characteristics suggest that a video 
disk coupled with a small computer would be 
a very flexible and powerful device, allowing 
on the same disk a combination of moving se- 
quences, still pictures, and text, all under -in- 
teractive control. 

There are a numl^ of competing technol- 
ogies for recording and reading the informa- 
tion on a disk. However, they can be regarded 
as two basic types, capadtailce and laser. The 
capadtancdf system, marketed by RCA, stores 
the information on a disk in a spiral of tiny 
grooves, much smaller than, but similar to, 
those on a phonograph record. The informa- 
tion is read By a needle that physically rides 
in the groove. RCA has marketed its capaci- 
tance system directly to the upper-income 
home buyer, selling it principally in competi- 
tion with video/bassette records ists a medium 
for viewing movies and other packaged pro- 
gram materials. However, since the tfystexn 



does not offer recording capability, it is not 
useful for those who want to record from 
broadcasts or create their own video tapes. 

The laser system stores information as 
transparent or reflective spots on the disk. The 
reader uses a laser light beam that either 
passes through or reflects from the disk sur- 
face. No physical contact is made with the disk 
surface, and the reading accuracy is immune 
to damage to the disk surface. Currently avail- 
able laser disk systems record on one side. 
However, at least one firm will soon offer a 
technology that stores information on both 
sides and that can read both without, having 
to flip the disk. 

The principal benefits of the laser system are 
its ability to lock onto a single addressed 
frame and to move at random, under conqputer 
control, through the information stored on the 
disk, as well as the durability of the disk itself. 
Its chief drawback to date is cost. 

The principal market for laser video disk 
systems has been industrial and military 
users. Experts differ on whether this tech- 
nology will become conunon in the home and 
school. For this to happen, the cost of a 
computer-coiftrbUed video disk reader must 
drop substantially from its current price, 
which runs weU pver $1,000. 



Information Services 



The new information technology described 
in this chapter will form the basis for a wide 
variety of information products and services 
for the home, office, school, and other loca- 
tions. The most si^iificant ones will incor- 
porate the integration of several technologies. 

The three areas of information technology— 
computers, comnmnications, and video— have 
grown up separately, connected only by their 
joint dependency on microelectronics. Now, it 
is becoming increasingly difficult to tell them 



apart.* This technological merger is taking 
place in two ways: 

• The technologies are becoming integrated 
into each other. The digital tdephone net- 
work uses computer technology; distrib- 



^Thif ovirlj^ CTMtM ncuUtory probUoM, sinc« thm commu- 
nifj^tk^t industry it ng^ttd and Um computer industry is 
not. Ths FCC rscsntly condudsd an inquiry. "Computsr II/' 
modvstsd by this growing ovwli^. wlildi was intndad to bsttsr 
distinguish computar aarvicaa from communicationa 
(5-FCCINQ). 
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uted computer systeins ub$ telecommu- 
nication services; video disks are coii- 
troUed by microcomputers* - 

• New tsrpes of information services that 
make use of all three technologies are 
being planned and offered. For example, 
Pergamon Press offers a patent search 
system that integrates a personal com- 
puter, a video disk, and a remote data 
base accessed by telephone to allow at- 
torneys to search U.S. patents. 

Several sectors of the industry are also 
beginning to overlap: 

• High technology— communications and 
computers. 

• Traditional print publishers— news- 
papers, magazine, and book publishers. 

• The entertainment media— * film, televi- 
sion, and radio. 

• Other information-dependent firms- 
banks and credit card companies. 

To some extent, mergers of previously in- 
dependent business sectors reflect normal 
business growth through diversification, but 
the finqs also see their various business ac- 
tivities as becoming more closely related. 
Thus, diversification within the information 
industry has become a \^y for companiea to 
protect themselves against^ technological ob- 
solescence. The industry overlap is motivated 
by two trends: 

• Computer and communication technology 
is becoming central to the provision of 
many traditional information services. 
For example, some providers of two-way 

• cable services plan to offer an electronic 
newspaper. Furthermore, traditional pub- 
lishing is becoming increasingly depend- 
ent on the use of electronic systems. 

• Unique new services are appearing that 
can be interpreted as a blend of more tra- 
ditional businesses. For example, AT&T 
has been considering offering an in-home 
information service that, while resembling 
an electronic version of the yellow pages, 
competes in the eyes of some newspaper 
publishers with classified advertising. 
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While some of these new information serv- 
ices are described below, the list is not com- 
plete. It is possible to predict with some Cer- 
tainty what technological capabilities will ex- 
ist over the next decade or two. It is not possi- 
ble, however, to predict how entrepreneurs will 
use those capabilities to bring innovative serv- 
ices to the marketplace. The new information 
technology base that is being developed and 
installed offers a rich opportunity for such 
invention. 

Videotex and Teletext 

Some European nations, along with Japan 
and Canada^ have been developing a tech- 
nology that uses the fmmtir^ft television broad- 
cast meditun to bring an information service 
into homes and offices. 

A picture on a television screen is composed 
of several thousand Unes* During the transmis- 
sion of the television signal that paints the pie- 
tm*e line-by-line on the receiver screen, there 
are a number of times when no useful infor- 
mation is being transmitted* These so-called 
"blanking intervals" are needed to allow the 
receiver and transmitter electronics to catch 
up and get ready to display the next line. 
While some of these intervals are used to syn- 
chronize and control the picture display, many 
of them are unused* Information can be trans- 
mitted in these intervals. A properly modified 
television receiver can pick out the informa- 
, tion and, on command from the viewer, display 
it on the screen, either alone or on top of the 
existing picture. 

In a teletext system, several hundred or 
even thousands of pages of information are 
continually being transmitted. (It may take 
several seconds to transmit the entire volume 
of data.) The user selects a page for vie^/t^ng; 
the television set then waits for that page to 
come along in the information stream, picks 
it out, stores it, and displays it on the screen. 

Videotex is a more sophisticated version of 
this service. It requires two-way comnn^ca- 
tion between the viewer and the transmitter^ 
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The viewer requests a specific item from the 
central system; that page of information is 
then transmitted on the televisicni signal to the - 
viewer's screw. 

The term videotex is sometimes used more 
broadly to iiidude all on-line service designed 
to display information on demand. Such sys- 
tems may use cable, telephone lines, or new 
packet broadcast technology to distribute 
their products. The advantage of videotex is 
that a larger data base can be made available 
to the user, since the entire data base does not 
need to be transmitted continually. It also 
allows for interaction between the user and the 
central data base. One could, for example, ex- 
amine a catalog of merchandise or an airline 
schedule and then complete the transaction by 
buying a product or making laVeservation. Be- 
cause it allows individualized interaction with 
a data base, the videotex system may offer val- 
uable opp<Htunities for edutfating and training. 

Broadcasters and information publishers in 
the United States have been experimenting in 
a small way with various forms of videotex 
and teletext services, in most cases using 
technology developed in Europe and Canada. 
A recent proposed rulemaking by FCC opens 
the way for their widespread introduction. The 
principal problems in the commercial develop- 
ment of this type of service will be identify- 
ing information markets, assembling an ade- 
quate and marketable data base, and pricing 
recorders for home television sets at a level 
where they can be purchased for use in the 
average household. 

Information Networks 

Gk)sely related to videotex are various serv- 
ices that have developed to provide owners of 
desktop computers and terminals with access 
to computer and data services over commu- 
nication networks. This business is expected 
to grow rapidly over the next decade. Some 
experts project over $6 billion in annual bill- 
ings by 1985. 

Providers of these services distinguish their 
markets by the nature of the services offered 
and by the types of clients they serve. General 



services offer access to a wide variety of data 
for a broad^custamer market. Specialized serv- 
ices provide narrow, but usually deeper and 
more sophisticated, infonhation services to 
customers with special needs. Some firms 
serve home, professional, and small business 
users, while others serve large industrial 
clients. 

There are no clear dividing lines between 
these markets. In general, however, the large- 
scale specialized data bases tend to be expen- 
sive, and using them requires a great deal of 
computer processing, at either the provider's 
or customer's end of the telephone line. Sys- 
tems oriented to individual customers tend to 
be less costly and less specialized. 

For example, using ordinary telephone lines, 
owners of small computer systems can connect 
with on-line services such as The Source and 
Compuserve. Companies like ihese offer a wide 
variety of information to subscribers. Al- 
though originally oriented to the needs of the 
home consumer,'1these firms are beginning to 
expand their network offerings to the business 
market. Their services now include direct 
acces^ to United Press International and 
Associated Press n6ws wires, stock exchange 
transactions, weather information, transpor- 
tation schedules, restatirant and fihn reviews, 
sports scores, and even computer programs 
that can be directly loaded into the home or 
office system from the company's network. 

' A number of newspapers are conducting ex- 
periments to provide electronic newspapers. 
Customers paying a special access charge will 
be able to get news summaries and special 
features such as horoscopes and weather. Two- 
way services such as bill paying and teleshop- 
ping will also be offered to network sub- 
scribers. Customers can view lists of products 
and prices and put an order into the system. 
After the product is delivered, the customer 
will be billed via credit card. Some banks are 
experimenting with in-home banking services. 

In addition to communication with the cen- 
tral network data bases, customers can ex- 
change messages with one another through 
the system, allowing a simple form of "elec- 
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tronic mail/'^ The network eervicee also use 
this two-way communication to provide elab- 
orate games that can be play ed by several cus^ 
tomars simultaneously. 

While The Source and similar firms sell ac- 
cess to a wide variety of services, other com- 
panies offer more specialized products. Dow 
Jones, for example, sells access to its stock ex- 
change data base. A customer with an Apple 
or other small computer and a communica- 
tions interface buys a special program for the 
computer from Dow Jones and subscribes to 
the data base. Using the home computer, re- 
cent transactions can be monitored and his- 
torical trends analyzed. 

Some firms offer large sophisticated data 
baaes designed primarily to serve institutional 
customers with special information needs. Ex- 
amples are: 



*Por txampU, ConcrtMmui JamM Coyn* u«m TIm Sourc* 
M a wi^ to lUj in •toctronk commiinication with his cooatit^ 



Bibliogriq[>hic and reference data bases for 
research, are offered by DIALOG Infor^ 
mation ServiceSt Inc. (a subsidiary of 
Lodcheed) and the National Technical In- 
fopnation Service (NTIS) of the U.S. Gov- 
ernment; also the New York Times Infor- 
mation Service, which offers indexed ab- 
stracts and full text retrieval of news ar- 
ticles G^pearing in a number of magazines 
and newspapers. 

Medical information are provided by the 
Medline service of the National Library 
of Medicine; also, Haiper and Row's 
HARFAX service publishes an on-line 
pharmaceutical data base. 
Legal information, such as the Legis data 
bank of citations and the Pergamon on- 
line coUection of patent information. 
Econometric information such as offered 
by Data Resources, Inc. 
Natural resources data such as the 
petroleum reserves estimates developed 
by the Department of Energy and offered 
by the I. P. Sharp Co. 



Electronic Conferencing 



With electronic conferencing, a meeting is 
conducted in which geographically dispersed 
participants talk with one another over tele- 
conununication lines. There are three catego- 
ries of electronic conferencing, depending on 
the technology used: 

• Audio conferencing, which uses the 
' telephone: individuals at different loca- 
tions are linked together by a conference 
call wherein both a londspeaker and a 
microphone system are used at each lo- 
cation. 

• Video conferencing, which supplements 
the voice connection with television im- 
ages of the participants or of display 
charts, tables, or other graphics under 
discussion. 

• Computer con^strencii^, which transmits 
messag;es through a central computer 
that stores them and forwards them on 
request to another participant. In a com- 



puter conference, the partidpantfrlo not 
need to be connected at the same time. In 
addition, since each message in th^ dialog 
is stored as computer data, it can be in- 
dexed to topic, date, sender, and so on. 
This facility aUows a complete running, 
indexed transcript to be available to the 
conferees at all times. 

All of these conferencing modes offer an al- 
ternative to traveling for meetiqgs, thus sav- 
ing energy and time. Additionally, because 
computer conferencing offers time-independ- 
ence, it is ^ven attractive for use within a 
single office for meetings between busy execu- 
tives. 

Extensive research has been done on the use 
and effectiveness of different types of telecon- 
ferencing systems.^ Each has its own advan- 



'J. v. Johuwfn and K. Spvifkr, Bkctnnk Mmtingt {Bmd- 
inf. MftM.: AddiMm WMlay, 1979). 
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tagae, disadvantagee, and costs. Video con* 
ferendng, for example, will be more expensive 
than oooqmter or audio conferencing; however, 
computer conferencing offers time-independ- 



ence. 



Experimental computer conferencing sys- 
tems have been operated for some time by 



Turoff at the New Jo^sey Institute of Tech- 
nology (the EIS system) and by the Institute 
for the Future (the PLANET system). Com- 
mercial systems are now appearing on the 
market. Infomedia, a small California-based 
firm, is marketing its NOTEPAD conferenc- 
ing system to large industrial and government 
clients. » 



Advanced Business Services 



AT&T is planning to offer an advanced data 
communications service known as ACS (Ad- 
vanced Computer Service). This service, prin- 
cipally designed to serve major corporate 
users, will integrate high-speed data commu- 
nications for computer applications with such 
uses as teleconferencing (video and audio) and 
facsimile transmission. Satellite Business Sys- 
tems is planning to offer a similar service, and 
other firms may also enter the market soon. 

One principal advantage of these new com- 
puter-based communication systems is that . 
they will allow the integration of communica- 
tion services economically over a single high- 
capacity channel. Incorporation of computers 
within the network will provide the customer 
with morie fleodbility, since the network can^ 



handle incompatibilities between different 
types of computers and terminals and can also 
manage the flow of work among several inter- 
connected computers. The network can even 
offer a customer data storage and retrieval, 
^ as well as computer-processing services. 

Data networking has been of interest to 
higher education for several years. Post-sec- 
ondary education institutions may find fewer 
technological barriers and lower dattf com- 
munications costs if they link their computers 
and use teleconferencing for teaching and 
management. Industrial firms that install 
ACS-tjrpe services idmost certainly will use 
them to provide education and training for 
their employees. 
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Chapter 6 

Educational Uses of 
Information Technology 

Since the development of the radio, people ^ave proposed that conununica- 
tions technology provide major improvements in the delivery of education. 
Research on ''teaching machines'' dates back to the 1940's, before the general 
introduction of computers into the marketplace. Since that time, there has been 
continual research, development, and implementation of techniques for using in- 
formation technology in various aspects of education. 

OTA investigated what is known and what has been proposed about possible 
applicationis of information technology to education. 



Findings 



• Information technology is ci^ble of becpm- 
ing a major resource for the delivery of edu- 
cational services over the next decade: 

— It can be an effective delivery mechanisip^ 
for most existing formi of education. 

— It provides ci^pabilities for responding to 
new demands that traditional school- 
room education cannot meet adequately. 

— The cost of information products and 
services for educational applications will 
continue to drop with respect to other 
items in the educational budget. 

• The pruddpal benefits will be realized from 
<Sombinations of new technologies rather 
than from any single device. 

• Most educational applications wil^be based 
on hardware technology that is originaUy 
developed for m broader consumer market 
The cmly exceptions will be devices designed 



for specialized industrial uses— e.g., flight 
training for airline pilots— pr education and 
training for the handicapped. 

• Itisimpossiblettf predict with certainty the 
technological base that will exist tm educa- 
tional use. Some of the products and serv- 

^ ices now projected for the next decade, and 
described in chapter 4, may not survive the 
competition the amsumer's mo»^. This 
uncertainty may inhibit the rapid develop- 
ment of software and service^ particularly 
oriented to thtf education market. 

• The provision of high-quality, reasonably 
priced educational software is the prindpaf 
technological challenge. Low-cost hardware 
wiU be widely available to most homes, of- 
fices, and schools. 



Functions of Educational Technology 



There are a variety of ways in which comput- 
ers and conmiunications technology can pro- 
vide educational services. In some cases, dif- 
ferent types of applications will require differ- 
ent teclmok)gies; in other cases, the same type 
of technology can be used to provide different 
types of services. 



Passive Instruction 

The qkiest instructional use of information 
technology is simply to present information. 
The textbook is the traditional passive instruc- 
tional system. Projection media— slides, film- 
strips, overhead transparencies, and pictures 
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—are more modem forms. Educational radio 
and television have experienced quiet but 
sleady growth since the late 1^50's and early 
1960's.^ Video cassettes and video disks will . 
provide even more fl«ible tools for presenting 
video-based instructional material. 

The best known recent examples of passive 
instructional programing are the "Sesame 
^Street'' and "Electric Company" programs 
produced by The Children's Television Work- 
shop with partial Federal support. These pro- 
grams were intended to supplement, not re- 
place, normal schooling. Sesame Street is in- 
tended to teach preschool children some basic 
concepts and learning attitudes. Electrifc Com- 
pany is principally aimed at supplementing 
reading instruction at the. grammar school 
level. 

At the other extreme, a full alternative to 
traditional education is the "Open Universi- 
ty " in Britain, which has conducted a full col- 
lege degree program for over 11 years, based, 
^irincipally on passive instructiod- using the 
broadcast networks. In the United States, the 
Corporation for Public Broadcasting is devel- 
oping an educational program along similar 
lineys in cooperation with imiversities across 
the country. 

New technology for video productionis also 
having an impact on educational uses. Com- 
puter animation systems have become consid- 
erably less expensive than plder, hand anima- 
tion techniques. Video processing; uses com- 
puters to perform elaborate modification of 
video images. Both of these technologies are 
widely us^ in commercial television and mo-, 
. tion pictures, but they are also particularly at- 
tractive for instructional application in wljich 
concepts and processes* that are subtle and 
difficult to visualize need to be illustrated. 
Complex physical processes, such as fluid flow 
or load stresses on structures such as bridges, 
can be simulated on a computer and displayed 
as dynamic graphic images. In addition, video 
cassette recorders (VCRs) and video disks 
promise to relieve students from the dictates 

*R J. bier and R. J. Pedone, Uaea of Tehvimon for Inatnxc- 

• tioik me-mr, nces/cpb, 1979. 



of schedule. The VCR, in particular, allows^ 
copyright law permitting— instructors and 
students to copy Instructional programs off 
the air and play them back at some later time. 
Video cassettes and video disks will provide 
^ alternate modes of brdadcasting for the distri- 
bution of- instructional material. 

Passive instruction systems have the follow- 
ing characteristics: 

• AU educational dedsions ariB in the hands 
of the providers; what information is to 

- be presented, for how long, in what se- • 
quence, and even— in the case of such cur- 
rent instructional broacicasting—the 
schedule— when it is showp. 

• The boimdaries between entertainment, 
public information, and educational serv- 
ices can become blurred. A Shakespeare 
play, a concert, or an informational series 
such as the successful Cosmos series car- 

, ried by the the Public Broadcasting Sys- 
tem, may all be considered important in- 
structional resources as well as entertain- 
ment. 

Interactive Instruction 

This technology is med to teach a spedfic 
subject or skill directly to a student, guiding 
the learner through a siequence of steps involv- 
ing the presentation of information, drills, and 
exercises designed by an instructor. Interac- 
tive instructional systems require the student 
to commimicate with the device, allowing the 
system to vary the pace of instruction^ select 
among- alternate sequences of presentation, 
test for understanding, and alter the content 
according to the specific needs of the individ- 
ual. 

Computer-assisted instruction is the best 
known interactjive technology. A student sit- 
ting at a comptiter terminal works through a 
senes of "frames" that teach and test under- 
standing.* If the student is progressing slow- 
ly, the computer branches to an alternate style 



♦A "frame" is a display on the television screen in a SAI sys- 
tem. The term dates back to programed learning research in 
which a frame was fii unit of material presented at one time. 
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Capitol Childrainy Museum, Washington, 
D.C.— Consternation Is^ constant in the 
first phases of instruction . . . 



. but the student's discovery of 
wrong responses ... 



. : , i^ followed by the sense of reward for 
right responses which makes the anxiety 
of exploring the unknown bearable 



of predentation pr a remedial sectibli. If the 
dtodent has mastered that section, the com* 
pute? jumps a]bi&ad^i^ 

The Plato system wds one of the better ^ 
known experiments. It was developed by re- 
searchers at the Universily of IlUnois a^d Con- 
trol Data Corp, With principal fqndin^ from 
the Federal Govemmmt, the system originally 
combined a new type of interactive graphics 
terminal with a large mtiltiterminal cpniputer 
Sfystem and an elaborate language specifically 
designed to create instructionfd programs. 
While Plato ^yas originally a very expensive 
experimental system, most of it s linijierljaiig 
concepts survive in commercial instru^|ion£d 
systems now marketed by Control Data. 

Four factors h&ve more recently revived in- 
. ta^t in interactive instruction: 1) the rapidly 
declining costs of computers and the advent, 
of the desktop computer, 2) tbe escalating 
labor-intensive costs of traditional schpoling, 
3) an improved understandix^ of how to created 
instructional packages, and 4) the develop- 
ment of alternative delivery liiechanisms that 
link the computer with other technologies, 
such as video disk and interactive, cable. 



The video disk is a gopd example of how new 
technologies can be combined to form instruc- 
ticnial systems. The video disk contains an ex- 
tensive data base of text, stiU images, and 
film. THei computer controls the sequence of 
presentation and, using an educational pro- 
gram contained on its floppy disk and ii^or- 
^mation stored in the remote data base, inter- 
acts With the student.' 

The video disk, for example, might contolii 
several thousand images of microscope slides. 
The data base woidd have full descriptive in- 
formation oh the subjects illustrated by the 
slides, indexed in various ways. Educational 
software on the computer would take a stu- 
dent through sequCTceSf of slides and text pres- 
entation, providing information and adminis- 
tering tests. ' While the computer program 
would be desi£|ned to achieve a specie instruc- 
tional purpose, the slide catalog and data base 
would be intendied to be more widely appli- 
cable for research and education. 



Ii. F. Eastwood, ''Motivation and Deterrant^ Educational 
Use of 'Intelligent Videodisc' Systems," J. EdpMb. Systems, 
vol 7(4), 1978-79, pp, 303-335. / 
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Several experiments are under way to devel- 
op instructional packages using combinations 
of video* disks and personal computers. The 
Minnesota Educational Computing Consor- 
tium is developing a series of video disks in 
basic economics. The first disk of a planned 
6*disk series has been produced and tried in 
the classroom with favorable results. Other 
companies are developing products aimed at 
the industrial training market; and a few 
. firms, such as IBM, are ah-eady using mterac- 
tive video disks for employee training. 

Interactive instructional technology has the 
following characteristics: 

• It allows the system to customize teach- 
ing to the particular level of imderstand- 
ing, learning style, and ability of each 
individual student. 

• The system can be designed so that stu- 
dents can pace themselves. 

• Because individualization and self-pacing 
may not fit well with traditional school- 
ing, large-scale implementation of inter- 
active instructional technology in the 
schools may engender substantial institu- 
tional resistance. 

• Instructional software is often divided 
into discrete packages, each designed to 
teach a specific skill or item of informa- 
tion. An instructional curriculum (say, a 

' fifth grade mathematics course) is a col- 
lection of these packages, which, fOr a full 
course, may number into the hundreds. 

• Extensive design effort is needed to cre- 
ate each module. The material to be 

^ taught must be broken down into firame- 
sized pieces. Tests of understanding must 
be devised, arid the paths that students 
are most likely to take in going through 
the material must be anticipated. 

• Because they are so^^carefuUy tailored, in- 
teractive curricular packages are inflexi- 
ble. They are not genially useful for any 
purpose, clientele, or environment other 
than the specific one for which they were 
designed. 

• The skills required both to produce soft- 
ware and to assist students with its use 



are substantially different from tradition- 
al teaching skills. , 
• Some experts suggest that smaller in- 
structional modules can be designed to fit 
into^the regular coiu'se of instruction, pea> 
mitting a gradual introduction of educa- 
tional technology. Others maintain thali; * 
the principal educational benefits of tech- 
nology are lost with such an incremental 
approach. 

Learning Environments 

The interactive instruction technology de- 
scribed above can be used to create a special 
environment— a language, simulation, or data 
base— that can be manipulated by the student. 

For examplle, special computer languages, 
such as LOGO, can help learners gain particu- 
lar problem-solving skUls. Languages such as 
VISICALC, a system designed for business 
users of small computers, can be a powerful 
tool in teaching accounting principles and fi- 
nancial planning techniques. 

Another form of learning environment is the 
simulation. A simulation of a laboratory exper- 
iment for a physics course, for instance, might 
present on a television screen a variety of 
weights and springs. The student would be 
allowed to "connect" them in various config^ 
urations, to apply forces of prescribed amounts 
at different points in the arrangement, and to 
measiu*e and record the results. Working with 
this system for only a few days, a student 
would learn some basic principles of mechan- 
ics. As another example, large-scale simula- 
tions can be made of physical processes or of 
equipment that might be too^iqiensive or dan- 
gerous to use in person. Simidated nuclear 
powerplants provide vehicles for training new 
operators; simulated aircraft are used for pilot 
training. 

For medical education, computer-cbntroUed 
robots can be used to simulate injured or ill 
human beings. A small computer presents the 
student with an instructional sequence where 
proper techniques are illustrated using a com- 
puter-controlled video disk. The student then 
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At Fort Gordon, Qa, Signal Corps Center, Video simulation 
la uted to teach repair techniques. If Instructors were to use 
actual equipment, it would have to be returned to a repair 
shop for coatly work and expenalve 'downtime' 




The actual coil shdwn on right, whose removal and respacing 
would require costly downtime for the instructional radio set. 
The student is given the leaming experience by TV instead, 
testing his notion of the proper technique against solutions 
stored on the random-accessed video diak 



practices on a dummy equipped with sensors 
monitored by the computer, which, in turn, 
presents the results to -tJEif^ student. 

Simulations of economic a^d social systems 
are used to teach political saence, economics, 
and management. Business management 
games are one of the earliest educational appli- 
cations of computers, apd they have been* 
deeply integrated into the curHcula of many 
business schools. Other educational applica- 
tions range from simple economic simulations 
^n small computers to elaborate simulations 



of dty management and international politics 
that require v^ large computer systems. The 
Def eiise Department makes extensive use of 
computer-based simulations to train senior 
decisionmakers in crisis management. 

Using information technology to provide a 
leaming environment has several implications: 

• An instructional program can be applic- 
able over longer course periods and for a 
greater variety of educational uses than 
can an interactive module that cpncen* 
trates on a sii^le teaching unit. 

• Since the interaction is so flexible and is 
directed in large part by the students, in- 
structors and students need documenta- 
tion and supplemental curriculum materi- 
als appropriate for using the system to 
meet their particular educational objec- 
tives. Except forlailgp simulations (such 
as flight trainers) tharttiay require special 
hardware, the principal cost of "leaming 
environment" applications will be in de- 
veloping these supplemental curricular 
materials. Developmental costs for the 
programs will, in general, be written off 
against a much larger customer base. 

• Because' it fundamentally changes both 
content and th^ way material is pre- 
sented, use of an automated leaming en- 
vironment may require extensive changes 
in course content or even a broader rede- 
sign of an entire curriculum. 

Information Resource 

General information literacy is needed for 
all individuals to work and to participate ful- 
ly in an information society. In addition, for 
most professions^ specialized computer and 
conmiunication-based systems fare rapidly be- 
coming indispensable tools of the trade. Stu- 
dents must leam how to use these services as 
part of their early training: 

For these reasons, m addition to beinjg an 
instmctional tool, the computer in education 
is viewed as an intellectual and problem-solv- 
ing resource, akin to the library or laboratory. 
Information services will need to be both 
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broad enough to 'support general education 
and specialized enough for particular subject 
matter. Examples of specialized systems in- 
clude computer-aided design systems for in^ 
dustrial engineering students, on-line legal or 
medical information retrieval systems for use 
by law students ot doctors, and automated ac- 
counting and fmandal analysis systems for 
businctss students. 

In addition to these specialized resources, 
students in all fields will need constant access 
tainftirmation services and compute facilities 
for their work. One en^eering school is ex- 
perimenting with providing a desktop comput- 
er to some of its entering freshmen, with a 
view toward giving computers to aU students 
in the future. A graduate school of business 
has already adopted a similar policy for its 
entering students. The leader of the movement 
to provide all undergraduate students with 
computer access has been Dartmouth College, 
whidi, for well over a decade, has operated 
with a policy of imiversal computer literacy 
and free student access to computer terminals. 

The role of the computer as an educational 
resource pn campus is blending with the view 
of libraries as automated information centers. 




th« department utHfzIng the computer 



Many college and university libraries have 
beeii among the lead^s in this movement-^ 
first in automating their* management, then 
in providing users access to computerized bib- 
liographic services. Their ultimate goal is to 
provide full-text, on-line retrieval As these 
trends continue, the computer center and the 
Ubrary will actually merge into a single; auto- 
mated information utiUty. 

Regional and national networks will provide 
scholars with accesa to information and com- 
putational iiis^urces anywhere in the coun^ 
EDUCOM, a mitimwide consortium of unive^ 
sities and colleges, has been developing this 
concept for several years and now offers its 
meml^ access to EDUNET, a nationwide re- 
source-sharihg data communication network. 

Administration and 
Instructional Management 

Information technology can be used by the 
teacher to help plan coursework and mani^ 
the classroom. Computers not only assist with 
mundane daily tasks such as grading and rec- 
ordkeeping but can also help keep closer track 
of the daily accomplishments and problems of 
individual students. Teacher attention can, 
thus, be more focused on individual student 
needs. Teleconferencing via radio, television, 
or computer allows teachers to exchange ex- 
periences, develop curricula, and coordinate 
educational programs among a number of 
schools in a district. 

Distribute £!ducation 

The distribution of services to those wh6 
need them has always been a difficult problem , 
for the educational system. For as long as edu- 
cation has been provided by schools, the dis- 
tribution problem has been responsible for in- , 
stituUontd constraints of both time and loca- 
tion on the student. That sdiooling takes place 
on a physical campus, attended principally by 
young people, may be more reflective of the ^ 
imitations of the traditional ischooling system 
than it is of the current needs of society for 
education. Chapter 6, which examines thfi 
state of the educational ^stem, concludes that 
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th« Digital Equipment Corp. mtinframa computer that 
controla the atudent records system for the school district 

0 significant gap may exist between the forms 
of education^ needs of a modern information 
society and the traditional institutional forms 
of educating. 

Information technology is a tool that can iad- 
dress these two distributional problems— dis- 
tance and time. In the past^^Yglevision and 
radio have been used for this purpose, often 
to good effect. However, their c^plicability has 
been limited both by the need to use expen- 
sive and sqarce broadcast facilities to serve a 
relatively i!i^all clientele and by the inability 
to provide interactive services. 

M<Jdem technology removes these barriers. 
Conununication f adlities such as cable, direct 
broadcast satellite, low-power television, and 
video cassette and video disk will greatly in- 
crease the Bimiber of information channels 
coming into the home and office. Two-way 
cable, remote conferantdng facilities, and opti- 
cal video disk microcomputer systems provide 
the capability for interactive education. 

^ Among the particular applications of infor- 
mation technology for distribution are the fol- 
lowing: 

• Gmeral educational services to dispersed 
populations: Some geographical regions 
need to provide schooling to a sparse pop- 
ulation spread over a large area. Conunu- 
hicaticms technology such as direct broad- 



i cast satellite or low-power television al- 
lows educational programing to be broad- 
cast at low c<^t to small rural cbnmiuni- 
ties and even to individual residences* 
Video cassettes, video disks, and perscmal 
computer programs can be distributed 
physically by mail. 

• ^^leciali^ educational services to sinall 
pcpulatioiis; Some groups in society that 
have very q>edalized needs for education- 
al services are not concentrated geogrt^h- 

^ i(^y. Only by i^roviding coiirslBS r^on^ 
ly or nationaUy can a critical mass of stu- 
dents be assembled to justify the expense 
of the course. Information systems pro- 
vide that wider market. For example: 
\^ Advanced professional training, espe* 
daUy contidSing education in such 
fiel(^ as medicine, law, and engineer- 
ing, in wlficfi knowledge adva];ices at a 
rapid rate. 

— Unusual educational needs, such as ac- 
celerated science programs for the 
gifted or courses conducted in a foreign 
language. 

— Instruction in subjects for which expe- 
rienced teachers are scarce or courses 
conducted by outstanding scholars and 
leaders in a fie^d. 

• Education ^or the boxneboundi Yor a mr^ 
ber of reasoncr— e.g., illness, physical 

• handicap, or age*-many individuals in 
society cannot travel physically ^ attend 
a class. Information technology can pro- 
vide educational services directly to the 
home, hospital, or workplace. 

• Job-related education and training in the 
workplace: There are a number of barriers i 
to workers who wish to take job-related 
instruction. Attending regular classes is 
difficult due to icompeting demands on 
their time, travel to a campus may be bur- 
densome, and there is reluctance on the 
part of some older individuals to sit in a 
classroom and compete with younger stu- 
dents.* Information technology, by bring- 



*R. L. David, ''Adult Higher Education: Thinkinc tba Un* 
, thinkable/' Adult CkmtinuLag Higbmr EducethD Coatmwnce, 
Rmgion V, Appalachian SUta Unlvardty, April 1977. 
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ing the course to the workplace, can re- 
move some of these constraints. 

Testing and Diagnosis 

Computers have been used for some time to 
grade and analyze the results of college admis- 
sion exams, intelligence tests, and a variety 
of psychometric examinations designed to ex- 
plore the values, attitudes, and thinking pat- 
terns of individuals. Educational testing can 
be thought of as having four basic roles: 

• Strategic: Testing helps assess a stti- 
denrs general levels of understanding and 
learning strategies. It is used to deter- 
mine what classes and courses qf study 
a student should pursue, and what in- 
structional approaches would be most ef- 
fective for him. After a course, testing 
tneasures the skills and knowledge that 
the student. 

• Tactical: Testing also takes place during 
instructional sequences to determine how 
the student is progressing through the 
course and to detect and diagnose difficul- 
ties the student might be having. 

. • Gateiceepipg: Testing plays an increasing- 
ly important role in supporting decisions 
on admissions to institutions and^to pro- 
grams of study. It is a basis for allocating 
sc^cMpesoiirces (e.g., admission to a pres- 
tigious college or university) and for the 
granting of licenses to practice profes- 
sions. 

• CertiGcation: Testing plays an important 
role in certifying the knowledge and skill 
of individuals, qualifying them to pvu-sue 
professions such as medicine or law, onat- 
testing that they have progressed along 
certain educational or training paths. 

Modern informati^ technology will likely 
have several effects/)n testing: 



Continual testing of students' progress 
and levels of understanding is an impor- 
tantpedagogical tool, even in a nonauto- 
n^ated teachnag environment. However it 
is very demanding of a teacher's time. 
Automated systems will allow much clos- 
er monitku:^ng of student and class prog- 
ress in a normal classroom environment. 
Automated teaching systems depend on 
continual testing and evaluation to direct 
the presentation of material. 
Automated instruction may lead to a de- 
coupling of instruction from institutions 
—in the sense that a student moves free- 
ly between hopie, job, and school for 
coursework. This trend will create greater 
need for strategic testing to determine 
appropriate instructional programs for^ 
students. 

Institutional decoupling will also require 
more testing for purposes of certification. 
Traditional§r, an engineering degree was 
obtained by following a course of study 
at one department. Certification was the> 
degi^ earned by successfully completing 
thct program. 

The accelerating growth of knowledge is 
{i^essuring professions such as medicine, 
law, and engineering to require retraining 
and periodic renewal of certifications. 
If traditional forms of education become 
increasingly expensive and, hence, scarce, 
gatekeeping requirements will inevitably 
continue to grow in importance. The cur- 
rent competition for entry into medical 
school illustrates this trend. 
On the other hand, autoqaated learning 
systems may make certain types of educa- 
tion and training far more accessible and 
affordable. If that ocoxrs,. gatekeeping 
may take place not on entry to the educa- 
tion program, but in licensing to practice. 



Capabilities of Educational Technology 



None of the technologies and services de- 
scribed in the chapter 4 overview has the capa- 



bilities required to'support all of the applica- 
tions listed above. Hence, the growth of an ex- 
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tenaive automated education network will de? 
pend on the integration of information tech- 
nologies. 

Each particular technology— cable, personal 
computers, etc.— has some but not all of the 
ccq>abilitie6 nesessafy to provide effective edu- 



cation/Thus, the^basic message is that differ- 
ent information technologies will need to be 
linked ii^order to provide all of the capabil- 
ities need^ for extensive automated learning 
systems to be developed. As shown in chapter 
4, such integration is already taking place for 
other applications. 



Cost and Effectivenei^s 



For many years, the cost and effectiveness 
of educational technology has served to cir- 
cumscribe the debate about whether and how^ 

it should be used. OTA found that: 
♦ 

There b a rabstantial amofuot of agreement 
that, for maoy educatkoal appUcatictia, inform 
matioD technology can be an effective and 
economical tool for instruction. 

This conclusion is based on a number of ob- 
servations: 

• Research exists, some of it dating back 
years, to suggest that students do leam 
as well or better from educational technol- 
ogy than from conventional means. Lit- 
tle evidence exists to the contrary. Muhh 
of the past debate centered around wheth- 
er technology was more effective tha!n 
conventional means and hence warranted 
substitution for traditional classroom 
instruction.^ 

* Costs for labor-intensive education and 
training methods continue to climb faster 
than the inflation rate, while costs for in- 
formation technology continue to drop , 
precipitously. These trends will result in 

. a steadily growing number of apf>lications 
in which technology-based instruction is 
.clearly the most cost-effective method. 



*Sm, for instance, W. L. Schraumm, Big Medi^ Utth MediM 
(Bevwiy Hills, Calif.: Sac* PubUcationt. 1977): A. Boric "Intflr> 
active Ltaming, ' ' Amar; Jcummi Physic9 47( 1 ), January 1 979, 
pp, 5-10; L. J. Saidal and M. Rubi|^. Computan tnd Conunw 
nicatioDM ImplicMtion» for Education (New York: Academic 
Praae. 1977); J. Edwards, et al.. "How Effective is CAT? A 
Raview of the Raeearch.** Educmtkmmi iMdmmbip, November 
1975, pp. 147153; and R. Dubin and R. A. Hedlay, TTia Medium 
Mmy Be BmUUd to tb» MmsMg9: Colkge InBtmctioo by TV, 
Cedtar for the Advanced Study of Educational Administration. 
University of Oregon. Eugene, 1969. 



ERIC 



• For many educational and training^needs 
— e.g., educational services to the home- 
bound, to geographically isolated regions, 
or to the workplace— -there are few viable 
alternatives to the use of technology, pro- 
vided that it wOTks adequately. In a grow- 
ing number of instances, teachers quali- 
fied to teach in certain fidds— such as sci- 
ence, mathematics, or bilingual education 
—are difficult to find In theee cases, tech- 
nology may be the only means by which 
such education can be provided. 

This is not to say that there are no poten- 
tial limitations or dangers in the uncritical u^ 
of educational technology nor that there is no 
need for additional research in the field. In 
fact, in the eyes of some critics, a number of 
questions remain unanswered. 

• Will access to computers reduce the abil- 
ity to practice and learn basic skills? 
Some parents and teachers are concerned 
that student use of hand calculators may 
lead to the atrophy of simple computa- 
tional skills. Some modem word pVoces* 
Siprs incorporate spelling correction facil- 
ities, and future systems will probably in- 
corporate simple grammatical analysis 
and cor^tion. Will use of such technol- 
ogy decrease a student's grasp of writing 
mechanisms? 

• Does the medium have characteristics 
that, when exploited, distort the educa- 
tional message or produce subtle side ef- 
fects? Some observers, for example, have 
suggested that television educational pro- 
grams such as Sesame Street may rein- 
force short attention spans. A similar ex- 

^ ample is the finding of some developers 
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of interactive computer-based reading 
programs that, in order to maintain stu- 
dent attention, shorter passages must be 
used on video screens than would be 
needed to maintain student attention for 
reading exercises on paper. 
Most research on technology-based educa- 
tion has focused on the development of 
weU-defined skills, such as arithmetic 
computation or foreign-language vocabu- 
lary. While proponents argue that com- 
puters can encourage the development of 
new problem-solving skills,' critics sug- 
gest that education of the more general 
conceptual skills could suffer. 



•S P«pert, Mind3torm9 (New York: B*8ic Books, 



1980). 



If, over the long term, education is pro- 
vided principally by technology, what are 
the unintended long-term impacts on so- 
cial, cognitive, and psychological develop- 
ment? Very few answers to this important 
question are known. However, since it 
would take several years before techno- 
logical and institutiotial changes could 
create such a possibility on a massive 
scale, there seems to be adequate time to 
study it. 

Do particular characteristics of informa- 
tion technology subtly favor some types 
of students psychologically or cognitive- 
ly? Do differences exist that tend to favor 
performance by sex, age, social class, or 
values? These questions are important 
when dealing with issues of social equity. 
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Chapter 6 



The Provision of Education 
in the United States 

— ^ — 

Within all societies there is an educational system that is both central to and 
dependent upon the rest of society. Its role, its functions, and the resources avail- 
able to it are determined by the very social institutions for whose maintenance 
and effectiveness it is responsible.^ Thus, while all podeties educate, the particular 
form that any educational system takes will depend in large measure on the nature 
of the society of which it is a part.' How a particular educational system evolves 
will also depend on the natiire of the decisions made about it. For within the con- 
straints established by the socioeconomic order, there are a variety of possible 
educational outcomes. 



Findings 



Recent social and economic developments 
have, fostered a reevaluation of how educa- 
tion should be treated— as a public or as a 
private good. 

Because they are capable of providing spe- 
cialized educational services to narrow seg- 
ments of the educational market, the new 
information technologies will make it easier 
to produce and distribute education in the 
marketplace. - 

If education is increasingly treated as a pri- 



vate good, and decisions about education 
are made in the market instead of in the 
governmental arena, 

— individuals and groups that can afford to 
buy educational services may be more 
satisfied with the kind of education that 
they receive, but 

— fewer social resources may be made avail- 
able to support what traiditionally have 
been regarded as the public benefits of 
education. 



Social Change and Education in America 



All societies educate; education is necessary 
to either maintain or to structiu*e the social 
order. Education mediates between individu- 
als and society. It is the means by which soci- 
eties transmit acquired knowledge, attitudes, 
values, skills, isensibilities, and symbols from 
one generation to the next— and thus the 
means by which individuals learn the skills 



'Lawranc* A. Cramin. Public Educmtioo, Baiic Books, 1076. 

mmbmt A. TUUo. and Jacob W. Oratzalt. "Tha Social Sd- 
mem: Coocaptual Framawork for Education." Tba School Re- 
viaw, vol LXV, No. 3, autumn 1»67> p. 346. 



and roles necessary to function in and to act 
upon societies.*^ 

Individuals and societies have differed with 
respect to how they believed educational ded- 

'Ibid; aaa alao, Charlat WaingartMr, "Radafining Educatkm 
in a Changing Praaant for an Uncartain Future/' papar pra- 
•Mtad at maating of CMaf Suta School Officari, Orlando, Fla., 
wintar, 1980; and Charlaa E. BidwaU, *Tha School aa Formal 
Organiaation," Handbook of OrganiMMtiooM, Jamaa 0. March 
(ad.| (Chicago: Rand McNaUy k Co., 1M6K pp. 9721,960. 

*Sociatal factora may affact an aducational syatam in any 
numbM* of ways. Factora auch aa populatkm aiza and ttructura, 
family and aodal organization, working pattama, pattama of 

(cootinuad oaxt pagaf 
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sions should be made. Plato and Aristotle be- 
lieved that education was so important it 
should be monopolized and amtroUed by the 
state. Rousseau, on the other hand, was op- 
posed to all formal schooling, believing that 
nature was the best teacher. John Stuart Mill 
took a middle position. Strongly in lavor of 
public support for education, he feared the con- 
sequences of public control over eaiication. 
Mill said, for example: 

The objections which are urged with reason 
against State education do not apply to the 
enfOTcement of education by the State, but to 
the State 8 taking upon itself to direct that 
education; which is a totally different thing. 
That the whole or any large part of the educa- * 
tion of the people should be in State hands, 
I go as far as anyone in deprecating. All that 
has been said of the importance of individual- 
ity of character, and diversity in opinions and 
modes of conduct, involves, as of the same 
unspeakable importance, diversity of educa- 
tion. A general state of education is a mere 
contrivance for molding people to be exactly 
like one another; and as the predominant pow- 
er in the government— whether this be a mon- 
arch, a priesthood, an aristocracy, or the ma- 
- jority of the existing generation.* 

Writing in 1869, Mill expressed an attitude 
toward public education that was greatly at 
odds with the one then prevailing in the 
, United States, where the crusade for public 
schools was at its height. If Mill were to write 
these words today, however, he would find a 
more receptive audience. For today, serious 
question is being given to the question of 
whether or not education should be treated as 
a public or a private good. 

In the United States, education has tradi- 
tionally been treated as if it .were a public 
good.* Most educational decisions have been 



•odal and economic mobility, the availability of leiaure time, 
and personal reeourcee all aerve to eaUbliah who, in a sodaty, 
will be educated Similarly, the level and confifurttion of aodal 
OTffanizatioD determine, in pert, the kinds of institutions that 
are adopted to perform the educational function; while the level 
of eoooomic, sodal, and cultural devekipment determine, in part, 
the idee of what, in a fiven society, constitutee literacy. 
'John Stuart Mill. Op Uhmty. 

*Public goods refer to thoee goods whose benefits are avail^ 
able to everyone end from which no one can be excluded Theee 



made in the political arena; and most educa- 
tional activities have been supported, if not 
financed, with public funds. This practice of 
treating education as a public good reflects, 
in part, the traditional American belief that 
education plays an essential societal role. Con- 
trasting the attitude of Americans towards 
education with that of Europeans, Alexis de 
Tocqueville, the well-known conunentator on 
American society, noted in 1831: 

Everyone I have met up to now, to what- 
ever rank of society they belong, has seemed 
^ incapable of imagining that one could sdoubt 
the value of education. They never faU to 
smile when told that this view is not univer- 
sally accepted in Europe. They agree in think- 
ing that the diffusion of knowledge, useful for 
all peoples, is absolutely necessary for a free 
people like their own, where there is no prop- 
erty qualification for voting or for standing 
for election. That seemed to be an idea tak- 
ing root in every head.* 

The public benefits that Americans have 
associated with education have changed over 
time and in different historical idrcumstances. 
In the earliest years of American history, edu- 
cation was, for example, considered essential 
for the "Survival of the new democratic Nation. 
Later, with the i^eed to acculturate inuni- 
grants into society and to unite a divided Na- 
tion in the aftermath of the Civil War, it was 
considered the means for building a Nation of 
citizens. At the turn of the centmy, education 
was expected to ti'ain and socialize American 
youths for participation in a modem, industri- 
alized society. More recently, Americans have 



goode will Dot^be produced privately, and thua they muat be 
produced by government. There are only a few pure public 
gooda, one example being national defenee. There are, howevw, 
gooda, like fducatioQ, that ara inqvure public gooda. Theift 
combine aapecta of both public -and private gooda. Although 
they aerve a private function, there are aleo public benffita 
Ueopiated with them. Impure public gooda mi^ be produced 
and diatributed privately in the market or collectively through 
government. How they are produced ia a eodetal choice of aig- 
nificant coneequence. If dedaiona about impure public gooda 
aie made in the market, on the baaia of peraonal preferencee 
alone, then the public benefita aaeodated with them may not 
be efficiently produced or equitably diatributed. Edwin Mane- 
field, Aficroe^^onoimJce Theory and XpplicatkmM, New York, 
1970. 

'Alexia de Tocqueville,* Joumy to Anatricm, tranalated by 
George Uwrence, J. P. Mayar led.). Anchor Booka, 1971. 
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seen in education the solutions to some of the 
Nation's thorniest social problems. 

To guarantee that these public benefits 
would be provided, Americans established a 
whole range of public instituticms— elementary 
and secondary schools, 4-year and conununi- 
ty coU^^, libraries, and museums. M(»wver, 
to assure that private educational institutions 
served public goals, they>mipported and regu- 
lated them. \ 

Americans were able to treat education as 
a public good because, having similar needs 
and^ agreeing essentially upon the rules by 
which they lived, they were able to agree upon 
the kind of education that thdy wanted to pass ^ 
on fitHn OM generation to the next*;Given thiir 
consensus, there was little conflict between 
what was a public or a private educational in- 
terest, or between what was a local or national 
educational goal. 

Although highly institutionalized, the 
American educational system has been quite 
successful in adapting to meet the changing 
needs of society. It has been transformed from 
a system designed to meet the needs of an 
agrarian society to one tailored to meet the 
needs of an urban, industrialized society. It 
has been changed, moreoever, from a system 
structured to meet the educational needs of , 
a privileged few, to one more structured to 
meet the diverse elnd sometimes conflicting 
needs of a growing and heterogeneous popular 
tion. 

Today, however, society is undergoing 
ch^inges that may affect the nature of the sys- 
tem itself. Some of these changes originate 

within the educational system; others stem 

i> 

*Ruah W«ltM-. Fopulw EducmUaa MDdJ>mocntic Thought 
in Anmkm (N«w York CohimbU Univmity PriM, 1062); David 
lyack and EUaabath Hanaot ''Conflict and Qonaanaua in Amar 
ican PubUc Education." A/narica 'a Schoolm Ptibik and Privatti 
Dmdmhxa, lunimar 1U81. 



from the profound changes taking place in the 
larger social environment. Among these devel- 
opments are: 

• an increase in the level of education that 
individuals need to participate effectively 
in society; 

• an extension of the period of time during 
which individuals can ^nd need to be edu- 
cated; 

^ an increase in the diversity of the educa- 
tional clientele and thus an increase in the 
diversity of the 4dmand for education; 

• a decline in the public resources available 
for education, resulting in part from: 
— * an incre^ in the cost of producing 

education, 

— a questioning of the public benefits as- 
sociated ^with education, and 

— a loss of confidence in the institutions 
providing education; 

• the emergence of new institutions that, 
under neW circumstances, find it profit- 
able to market education; and, 

• the development of the new information 
technologies that allow educational insti- 
tutions to provide specialized sehdces to 
specific sectors of the market. 

These developments, taken together, will 
have a major impact on the educational nyt^ 
tem and on the institutions that have tradi* 
tionally been responaible for providing educa- 
tional services. Taking advantage of the devel- 
oping market for special kinds of educational 
services, new profitfnaking institutions are 
emerging to provide education. To compete in 
this growing and increasingly segmented ma]> 
ket, many traditional educational institutions 
may have to curtail some of the services that 
they provide, retaining only those that have 
the greatest economic and political return. 
Changes such as these are, in fact, already oc- 
curring in almost aU sectors of the educational 
systen^. 
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Public Schools 

The traditional American beKef in the public 
virtues of education is nowhere better illus- 
trated than in the historical commitment to 
a system of public schooling. It is highly 
symptomatic, therefore, that today serious 
questions are being raised about whether or 
not elementary and secondary education 
would be best served if it were provided 
through the mechanism of the market. 

A legacy of the past, the public school sys- 
tem is a unique and typically American insti- 
tution. For, while educational institutions are 
publicly supported in many societies, in no 
other country have they been established with 
such deliberate purpose and public expectation 
or been conceived of as being such an integral 
part of the political, social, and economic 
order. 

Clearly recognizing the important role that 
education could play in building a nation, the 
Founding Fathers did not leave its develop- 
ment to chance. They strongly advocated pub- 
lic support' for schooling.^* In fostering educa- 
tion, however, they made little distinctibn be- 
tween its public and private aspects. If Ameri- 
can youth were provided with the knowledge 
necessary to preserve their liberties, all school- 
ing, it was believed, would serve the {public 
interest. 

The American commitment to public school- 
ing grew in the wake of the Civil War. This 
commitment was so intense that it gave rise 
to a national crusade to establish public 
schools. Concerned about the problems of re- 
construction in the South, the influx of Cath- 
61ic immigrants, and the advent of industriali- 
zation in the North, Americans saw public 



» 'Bernard Bailyn. Educmtkm id the Forming of Americn 
Sociaey (New York: W. W. North, 1980); Lawrence A. Cremin, 
TtBditiooM in AmmicMD Educmtioa Baaic BodU Harper 1976. 

•Than waa vary little formal achooling In America until after 
the Revolutionary War. Throughout colonial timea, education 
waa conducted informallx in the home and in the church. The 
formal schooling that dia exist waa of marginal aigniHcance. 
serving only thoee who were training for specific rolee. 



schooling as a way of preserving the social, 
economic, and political system. By educating 
American youth in coinmon, public schools, 
they hoped to inculcate them with a common 
set of patriotic, Protestant, and republican 
values.* 

With the industrialization and urbanization 
of American society, it was expected that 
schooling would serve not only to prepare 
American youth for' a common political role 
as dtizensv but also to prepare a growing num- 
ber of people from increasingly different social, 
economic, and ethnic backgrounds for an in- 
creasingly differentiated set of economic pies. 
To perform this economic function, the public 
schools were restructured in accordance with 
business principles.** Vocational education 
and guidance were introduced as part of the 
educational curriculum. Assuming that the 
majority of Americans would be working at 
industrial jobs, educators believed that voca- 
tional education would serve not only the best 
interests of the individual, but also the best 
interests of society.*® 

In the period that followed World War II, 
support grew for jthe view that the social and 



■Welter, op. dt.; Tyack. and Hanaot, op. dt.; Robert A. 
Carlson, The QueMt for Conformity: Americmnization Through 
Education. John WUey A Bona, 1975; " Public Education aa 
Nation Building in Amw^ca: EnroUrowiU and Bureaucratiia- 
tion in the American SUtee, 1870- 1930," AmaricMn Joumd of 
Sociology, vol. 85, No. 3, November 1979. 

!David K. Cohen and Barbara Neufald* "The Failure of High 
Schbols and the Progreaa of EducaUon," AwricM t Schools: 
Public Jiad-^vMtm, Da^dmhiB, aummer, 1981; Tyack and 
Hansot. op. dt.; and Sol Cohen, "The Induatrial Education 
Movement, 1906-1917," AmericMn QuMrtvly. spring 1968, pp. 
95-1 10; Martin Trow, "The Second Tranaformatioo of American 
' Secondary Education, '"/ne«ma£ionai Journal of ComparBtive 
Sociology, vol. 7, 1961, 

^ •To unify the school aystero and to make it more effident, 
educational reformers began to standardize textbooka and cur- 
rkulum, to grade daaaes, to train teachers in approved methoda,. 
and to improve the supervision of the schools. Businessmen 
played an important role in bringing about these changes. View- 
ingeducatkjn aa a publk good, buaineaamen Uxkad to the publk 
schobb to expand wealth and improve productivity. ConcwTied 
about strikea, labor turnover, and increaaing worker abaentee- 
ism. many bueineaeroen hoped that public schooling, and vo- 
cational education, in particular, would sodalize a growing 
number of immigrant youths for the workplace. 
••Ibid. 



Ch, e--Th0 ProvlBlon of EduCMtlon Injh0 United SM— • 71 



economic well-being of the Nation depended 
not only on the efficient production of goods 
and 8ervicea,vhut^d8o on their equitable dia- 
tribution. As a growing and upwardly mobile 
school-age pi^ulation began to compete for 
educational rewards, the question of distribu- 
tion and access became central to the educa- 
tional system.'^ This new emphasis on eqij^ty 
had a profound effect on the American school 
system. For, in addition to fulfilling a political 
and an ecooomic function, the American public 
school system wps increasingly called upon to 
serve as an ag^t of sod^ chlmge.''* To im- 
plement the extensive goals provided for in the 
legialation of this period, tlM Federal Govern- 
ment became increasingly involved in the 
funding, operation, and administration of 
school activities.^' 

Status of the American 
Public School System 

The American public school system is a rel- 
atively large enterprise. In the school year 
1978*79, it included 16,014 school districts in 
which there were 63,192 elementary schools* 
12,020 middle schools, and 16,639 secondary 
schools including high schools'^ (see table 13). 

Public education a^oimts for a significant 
portion public expenditures. In 1977-78, 
$84.9 billion waa spent on elem^tary and sec- 
ondary education. Qf this total the Federal 
Oovermnent contributed about $8 billion, or 
about 9.6 /percent'* (see table 14). 



CoImd UMTNMiMd. op. dt 
**C6bm and NsuMd. op. dt. 
' *This WM, for «xmmpU. ttm goal of th« ElMnmUry and Sac- 
ondary Ejlucatiooal Act of 1966. tha moat comprahanaiva and 
aifnificant aducatlooal lagialation paaaad during thia parlod. 
Conoaivad of and markalad not only aa an aducation bill, thia 
act waa a major ptooa of antipovarty lafialatioa. Batwaan 1058 
and 1978. fdr axampla. Fadar^l axpaodlturaa on aducation in- 
ciaMad aixfokL Tha Fadarai Oovammant bacama ao involvad 
with tha oparational activitiaa that it praaa n tad an unpraca- 
dantad challanfa to tha authority of tha SUtaa and localitiaa 
control public achool prograraa. 

K. Bailay. "PoUtical Coalitiona for Public Educa 
tion. ' Amcrka V Schoak: Public and Privatm, Dmadaha, aum- 
mar 1961; 1^11 Vmn Oaal. Authority to Ckmtrol thm School Pro^ 
grmm <Lazincton. Maaa.: Lazington Booka. 1976). 

**Digmt of EdtKMtkm Stmtiatica, National Cantar for Educa- 
tion SUtiatica, May 1960. 
'•Ibid 




Table 13.^Nuiiibtr of Public Elamentary/StcofHlary 
Schodt and Eatlmatad ParcanMot Dlatrfbutlon, By 
Laval of Inatructlon and Grade Span Saivad: 
School Year 1978-79 

Parcantaga 

Laval' and grada UB^n Numbar diatributton 

Total achoola I7,00a 100.0 

Elamantary achoola^ ... 53.192 61.1 

Praprimary only 002 1.0 

Praprlmary to 2nd , 1,052 1.2 

P^primary to 3rd 2.215 2.6 

Prate^rriary to 4th 2,920 3.4 

Pranfmary to 5th 6.116 9.3 

PrapfVnary to 6th 25,616 29.4 

PrapriVnaiy to 7th 790 0.9 

Praprlmary to 6th 7^ 6,3 

4th to 6th : 746 0.9 

Othar ipana wlth^lo^aat ^rada 

praprlmary to 6th 3,604 4.1 

Junior high or mlddla tchoola 12,020 13.6 

5th to 6th 926 1.1 

6th to 6th 2,886 3.3 

7th to 6th 2,132 2,4 

7th to 9th 3,790 . 4.4 

Othar apana with highaat grada 

7th to 9th ' 2.282 2.6 

Sacondary tchoola Including high 

achoola 16,839 19.1 

7th to 12th 4.045 4.6 

6th to 12th 417 0.5 

9th to 12th 7.584 6.7 

10th to 12th 2,813 3.2 

Othar apana with highaat grada 

' 10th to 12th 1,780 2.1 

Comblnad alamantary/aacondary 

achoola (praprlmary to 12th) . . . 1.145 1.3 

Schoola not claaalflad by lowaat 

and h|ghaat grada*^ 4.010 4.6 

*Uv«l of tchool Is • cl«Mmcalk)n by MghMi orad« Mrvatf. Clam«mary tncKidM 
•choolt wflh no Qfatfa htgh^r then ath Junior Mgh tn6 mtdtfto •choolt havt 
no gradM Mghtr thm TXK Mh. Mh and no grado towar than Mh. aih, oc Tlh 
aaeondvy tchools hav* m ih« M«ha«i qtM lOlh. 1 1th. oc I2lh 

'H^wMt Qndt of •Mamary Khooit mcy kKki6» p f i h indara i on. litnd^raMn. 
or Ut or«d« 9 

*^Schoolt In iMt cmuo^hmf gnd* apm thai tn untaaciriMl* uoamM. or 
unclaMlftod 

NOTE: TboM nalk>nai MiimaiM tn batod on Information rtporlod In ItTS 
by ^1 SlaiM «ic«p( Callfoml^ OtorQla, and MMMChuMtlt. Eaoti caiaaory wm 
Inflalod oqualty to roprMtnl t Imown national total of VfltM 

SOUflCE US Dapanmont of Education. National Cantar for Education tiailallca. 
Common Cora of Data (CCO) laTf-Tf tufvay. unpubllahad tabulatlona 



Measured by the goal of providing univer- 
aal public education, the public school system 
has been a reasonable success. Americans to- 
day are better educated than ever before. 
Moreover, many of the barriers to education 
that once served to limit an individual's ac- 
cess to the socioeconomic benefits of society 
have been removed. However^ despite the cen- 
tral role that the public school has played in 
American society and the numerous accom- 
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Tabte 14.^R«v#nut and Nonrtvtnut R^Mlpts of Public Elemmtary and Sacondary Schools, By Sourca, 

1977-78 (ambunta In thouaands of dollara) . 



Revenue receipts. 



Total revenue and 
nonrevenue 
r-raceipts 



Federal 



State 



Loba) and other 



Total' 



Amount 



Percent 
of total 



Amount 



Percent 
of total 



Amount 



Percent 
of total 



Nonrevenue 
receipts 



$84,969,058 



$81 ,440,326 $7,699,042 



9.5 



$35,005,584 43.0 ^,735,700 47.6 



$3,528{732 



^R&E: U.s! Dtpvtm^t'of Educction, National 0«ntsr for Education Statistics, Djo^ft of EducMthn StMtl»tl09, 1960. 



plishments that can, be attributed to it, the 
American public is becon[iing increasingly dis- 
enchanted with public schools, (see fig. 3). 

Several explanations have been suggested 
for this loss of stipport.** It has been sug- 
gested, for example, that the school system 
has siffifered from: 

• a gtoeral loss of confidence in and support 
for all public institutions^ 

• the association of public schoolings with 
unpopular social policies such as busing 
and desegregation; 

• the decline in ov^aU school performance 
as measured by traditional indicaitors 
such as test scores; 

• the public backlash against what appears 
to be the improf essicmal behavior of some 
vmionized teachers; 

• the concern about inflation and increased 
tj^ation; 

• ^he dissatisfaction with American youth 
and their culture; and; 

• the disintegration of the political coalition 
that had traditionally provided support 
for the public schools. 

The loss of a common base of support for 
the public schools has had a negative effect 
;on the condition^ under which they have had 
. to operate. Forced to appeal for their support 
to a niunbSr of increasingly distinct and di- 
verse interests, the public schools have had to 
take on a multitude of new and often conflict- 
ing tasks at a time when they face the pros- 
pects 6f reduced economic and human re- 
sources. 

^•Michael W. Kir«t, "Loss of Support for Public Secondary 
Schools," America's Schools: Public and Ptivmte, Daedsius, 
summer, 1981; Bailey, op. dt.; Patricia Albjerg Graham, "Lit- 
eracy: A Goal for Seccmdary Schools," America's ScbboimPub- 
he and Private, Daedalus, summer 1981. 



Future of the American 
Publie School System 

Many educational commentators have ar- 
gued that if public schools are to survive, Mu- 
tators wfll have to adopt a more limited set 
of goals, which, although less ^bitious, will 
be more likely to gain public support." Suc- 
cess in this endeavor will depend, to a large 
degree, on future societal developments* The 
prognosis according to educational futurists 
is not particularly good. Instead of providing 
the basis for a national consensus in support 
of public schools, demographic, econoniup, and 
societal trends may, in fact, serve to intensify 
the centrifugal tendencies already at work in 
th^ educational system. 

Forecasts of demographic trends suggest, 
for ^toiple, tlutt Hispanics, Asians, and other 
cultural groups with specialized needs will 
soon comprise a major portion of the school 
population. Moreover, the increase in the num- 
ber of school-age children living with a single 
parent or two working parents will force 
schools to provide more supervision and social- 
ization. Instead of cuttii^ back on their educa- 
tional activities, schools will have to cater to 
a growing variety of educational needs. 

Economic forecasts also cast doubts about 
the futiu-e of putUc schools. If economic 
growth rates remain slow, and inflation and 
interest rates continue to be high, the schools 
will be in intense competition with otEer serv- 
ice sectors for reduced human and economic 
resources. Faced with the loss of personal in- 
come because of increased levels of inflation 
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"Graham, op. dt.; Tyack and tlansot, op. dt.; Bailey, op. dt. 

'•Christopher Dede, Pdtential CHents tor Educatkmal Services 
Delivezed by IniarmstdoB Technology, unpublished report pre- 
pared for the Office of technology Assessment, March 1981. 
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Figure l«^Qu«Hty of IIm Public Schools: Opinions of Parsnts 
With Public School Children 

"Students are often given the grades A. B. C. D, and F (FAIL) to denote the quality of their 
work. Suppose the public schools themselves, In this community, were graded In the same 
way. What grade would you give the public school here-- A, B, C, D, or F?"- 
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and hi^h energy costs, th@ American public is, 
in general; less willing to finance educational 
expenditures through additional taxation. 
This reluctance is likely to increase as the 
number of families Mdth school- age children 
declines and the number of those beyond child- 
bearing age increases. 

Faced with their own problems of increase 
ing costs and shrinking resources, Federal jand 
State governments wiU be unable to fill in the' 
financial gaps. Continued hi^h inflation will 
also reduce the economic r^ources available 
for public schools. Because of inflation, the 
costs of education are increasing twice as fast 
as the rate of increase of revenues for educa- 
tion. Thus, in 10 years, if inflation continues 
at its present rate, eduational institutions will 
.have only one h^f of the revenues (in real 
terms) that they nave now. ^•^ ^ 

The problem of scarce economic resources 
will be matched by a prpblem of idCarce himian 
resources. The problem of human resources is, 
however, not so much a problem of npmbers— 
for the supply of teachers may very well ex- 
ceed the demand— as^ it is a problem of qual- 
ity. A decline in highiy qualified educators is 
already evident. Few entering-coltege fresh- 
men sdect a career in teaching, and, more sig- 
nificantly, those that do are generally among 
those who have the lowest academic qualifica- 
tions.*' Increasingly, there are fewerincentives 
for 'well qualified individuals to enter the 
teaching field. 

Given the fihcpicial problems facing schools, 
a career in teaching is no longer considered to 
be secure. Given the loss of public support f6r 
education, a career in teaching is less likely to 



'•Ibid; Kirst, op. dt. 

♦White all public tchoote are likely to suffer a loea of teonomic 
resources, the problems created will be greater in aome areas 
than in others. The urban school* in the Northeast will be the 
moet leriously affected because the recent migration of people 
away from the area has caused a significant loss of taxable re- 
sources. The economic probl^ma in the area of the sunbelt, on 
the oth*r hand, wUl be ameliorated by an influx of population 
which will increase the area's tax base. 

""Introduction," Amerka's Schools: Public and Private, 
Daedabia, summer 1981; J. Myron Atkin, "Who Will Teach in 
High School" America 'a SchoolB. Public and Private, Daedahis, 
summer 1981; Dede, op. dt., 1981. 



provide the rewards df public status or person- 
alisteem. Since teaching salaries are not com- 
petitive with those in private industry; many 
of the most highly qualified teachers— espe- 
cially those with qualificationa in math a^id 
science— will give ijp teaching to' sell their 
skills on the op^n market. Well qualified wo- ' 
men— a traditional source of high quality edu- 
cators— are partictdarly likely to seek out the 
wider range of emplo3rment opporbmities now 
available to them.** 

Private AlteiniiEitives to 
Public Schools 

Cqnflicts over public and private control of 
education have always existied. While reserv- 
ing for itself the dominant role in educational 
matters, government in the United States has 
always recognized that private individuals 
have ah interest in the outcome of educational 
policy decisions. It has generally been recog- 
nized, for example, tl^t parents have certain 
rights— based on notions of liberty and, pri- 
vacy— in determining the education of their 
children. 

In order to take into consideration both pub- 
lic and private concerns, the responsibility for 
educational policy and administration has tra- 
. ditionally been allocated to the States and to 
local jiuisdictions where, given more homoge- 
neous populations, public decisions about edu- ^ 
cation would be most likely to reflect private ' 
concerns." Parents whose needs were not ade- 
quately met by public education were allowed 
the option of sending their children td private 
schools. 

This arrangement, which served in the past 
to reconcile public and private educational 
needs, is thought to be increasingly less effec- 
tive, as the assimiptions upon which it is based 
become increasingly less realistic. For exam- 
ple, as the Federal Government assumed more 
authority over educational policy, the charac- 
ter of schboling has become less subject to 
local influence and control. Moreover, since 



"Atkin, op. dt. 
■"Van Geel, op. dt. 



ERLC 



7i 



2^ 



Ch. e-^The Provision of Edudatioh in the United States • 75 



many local communities ar^ no longer com- 
prised of homogeneous populations, there is 
also less likelihood that public decisions— even 
when they are made at the local level— will be 
synonomous with private, individual needs." 

Conflicts over public and private educational 
interests have grown along with th^ enhanced 
importance of education in American society. 
Because education has come to be regarded as 
the essential means fpr gaining access to socio- 
economic rewards, individuals now believe 
that they have more of a stake than ever be- 
fore i^ the outcome of decisions about it. In 
this sense, individual' interests are likely to 
diverge from those of government. For where- 
as government is committed to providing 
equal access to educational opportimities, an 
individual, if he is to compete successfuHy for 
socioeconomic rewards, must gain an educa- 
tional advantage.'^ 

Private dissatisfaction with public decisions 
about education has led some people to seek 
alternatives to public school education. Tradi^^ 
tionally, that alternative has been the private 
or independent school. Although such schools 
have always provided a considerable propor?. 
tion qf all elementary and secondary educai^ 
tion, they are today experiencing a revival of 
interest." 

; il 

There are today in the United'States 14,300 ' 
private elementary and 4,700 private second-^ ' 
ary schools." Of these schools, 85 percent are 
religiously affiliated, anA 65 percent of thes?^ 
are associated with the Roman Catholic 
Church." . I 

Private schools provide educational services 
to one out of every nine students. Enrollment ^ 
in the fall of 1978 totalled 5,000,158. Having 
declined substantially since the 1960's, enroU- ' 
ment is more stable today. Declines in enroU- 
ment have been greatest in Roman C&tholic 



•Mbid. 

"Cohen and Neufeld, op. dt. 

"William A. Qates, "Independent Schools: Landscape and 
Learnings," AmericMn Schools: PortrBits and Penpectlves, 
DuedaJus, fall 1981; James Coleman, "Private Schools, Public 
Schools, and the Public Interest, The Public Interest 

**Digest of EducMthnal StMtiatics, op^ cit. 

"Gates, op, tit. 



schools, a considerable number of which have 
closed diie to lack of resources." 

^ Unlike public $ichools;^ private schools are 
relatively independent of public control. Ac- 
countable to a governing board of trustees, 
they are free to determine their own objectives 
and the means by which th^ pursue them. Al- 
though the types and levels of coiu'ses vary 
significantly between schools, private schools 
areigenerally distinct from public schools inas- 
much as they offer less work experience, less 
bilingual education, and less alternative 
schooling (see fig. 4). 

Demand for private school education ap- 
pears to be also related to the quality of public 
school alternatives. Private school enrollments 



^Digest of Educational Statiatka, op. cit. 
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are hii^iest in those areas where public schools 
are experiencing the most severe problems. 
Private school enrollments are highest in the 
metropolitan cities of the Northeast, where 
21.3 perc^t of all students attend private 
schools. Of aU students in the North Uentraii 
> Region, 1 1 .5 percent attenff^vate schools as 
compared with rates between 7.8 and 7.9 per- 
cent for the West and the South. The lowest 
rate of private school attendance; 2.8 percent, 
is in the nonmetropoUtan areas of the West.'* 

Demand for private school education is also 
related to t,hp ability pf individuals to pay for 
it. Levels of family incomes distinguish those 
students who are enrolled in private schools 
from those who are enroUed in public schools, 
and those students who attend religiously af- < 
filiated schools from those who attend the 
more expensive, unaffiliated schools (see fig. 
5). While 21 percent of all public school stu- 
dents come from families with annual incomes 
of $25,000 or more, as many as 37 percent of 
aU private students do. And, whereas 35 per- 
cent of the students attending religiously af- 
filiated schools come from this income bracket, 
there are over 56 percent in unaffiliated 
schools who do. Students coming from families 
of this income level are also among those who 
are most likely to spend $1,000 or more on tui- 
tion and fees.^ 

Because cost is a major factor inhibiting in- ^ 
dividuals from choosing private alternatives 
to public ekucation, much of the discussion 
about pubUc and private school education ha^ 
focused on public policy options that call for 
public subsidization of private educational 
costs. The options that have been most fre- 
quently proposed and considered are the tui- 
tion tax credit and the educati<|nal voucher. 

The educational voucher has generated such 
diverse interest and support in part because 
it is a general concept for which there is no one 
particular model. Included under the rubric of 
an educational voucher could be, for example, 
any siun of money (or financial credit, such as 
a tax credit) provided by any class or group 

^.Tlm CoadiUon of EducMtioa, l9Sh 
•Ibid 
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of individuals for the purpose of buying any. 
type of educational service in the market. The 
nature and potential impact of any par^iicular 
voucher would vary, therefore, according to 
who receives how much money, from whom, 
under what conditions, and for what purposes. 

Although not a new idea, the educational 
voucher has only recently bneconie a topic of 
public debate in the United States. Interest 
in the voucher h^ grown with the public's m- 
; creased disillusionment with the public school 
system. Initially championed dilring the 
1960's as a way of providing aid to parochial 
schools and of circumvent^ desegregation 
rulings, during the Nixon administration, it 
was proposed as a way of providing education- 
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al assistance to disadvantaged groups. Today 
it is receiving attention, if not the support, of 
a wide variety of diverse interests each of 
which seeks to bring about structural changes 
in the educational system^ 

Although many different versions of the « 
voucher idea have been proposed, all educa- 
tional voucher propoisals have one essential 
element in common. They all assume that ed- 
ucation should be treated as a private, rather 
than a public good. While acknowledging that 
education nierits public support, voucher ad- 
vocates would generally argue that the present 
system of public schools, responsible as it is 
to PL political body, produces poor-quality ed- 
ucation. They see the voucher as a way of 
allowing government to continue to support ' 
education without having, at the same time, 
to sacrifice quality and divei^ty to public con- 
formity. They argue that if parents were to be 
given public vouchers with which to buy edu- 
cational services in the marketplace, then 
schools, forced for the first time to compete 
for students, would have not only to improve 
the general quality of their educational serv- 
ices but also to tailor these services more 
specifically to meet the needs of their clien- 
tele.*' By providing diversity and accountabili- 
ty as weU as the encouragement of high-qual- 
ity education, the educational voucher would, 
according to its proponents, benefit both in- 
dividuals and society. 

Voucher proposals have been strongly crit- 
icized on the grounds that, once implemented, 
they would recreate many of the same prob- 
lems that the public school was established to 
rectify. In encouraging diversity^ critics argue, 
the voucher system may exacerbate socioeco- 
nomic disparities and cleavages. They contend 
that a voucher system would discriminate 
against the poor, because in an unregulated 
market, educational services would be distrib- 

"George La Naoue, EducMtiotud Vouchm Coaoepta mid Coa- 
trovniea, Teachm College Press, 1972. 



uted according to one's ability to pay. Op- 
ponents dk-e^concemed, moreover, that vouch* 
ers might be used, as they have in the past, 
to facilitate se^egation.*' 

Acknowledging these problems, home pro- 
ponents have suggested that the voucher be 
regulated to prevent them.'* To assure open 
access to private schools, regulations have 
been proposed, for example, that would set 
limits on tuition and that would guarantee 
that a certain proportion of the student bodies 
of all schools be selected at random. However, 
a basic problem with the r^ulated educational 
voucher would be that the more complex the 
regulations, the less likely that individuals 
participating in the system would be able to 
take full advantage of Whatever benefits it of- 
fers. This could be one reason why ti^ pro^ 
p^^sals for the regulated vouchers have^re- 
ceived less public attention and support thah 
those for unregulated ones. 

In 1978, a tuition tax credit bill was ap- 
proved in the House of Representatives, and 
gained 41 new votes in the Senate. In 1980, 
the Republican Party supported the voucher 
concept iA its party platform, and the concept 
has clearly gained in popularity. Most recent- 
ly, the Reagan administration has proposed 
its own tax tuition plan. Dissatisfied with the 
private (benefits of the public school system, 
more apl more Americans regard the voucher 
as a wiiy of reducing the costs of educating 
their children in private schools.*^ 

Designed as it is to cater more specifically 
to particularistic needs, the vouchw is an idea 
that should be weU received in the segmented 
educational market that will characterize the 
future. Public pressure to adopt some kind of 
a voucher system will probably increase. 



"Ibid. 
"Ibid. ^ 

*^Jean Rosenblatt and Hoyt Oimlin, ''Tuition Tax CredlU/' 
Editorial Research ReporU, Aug. 14, 198 L 
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University and the Four- Year Colleges 



As semiautonomous communities of facul- 
ties and students, universities are organized 
for learning and for research* Although they 
still retain many of the institutional features 
of their medieval heritage— a name, a central 
location, a degree of autonomy, a system of 
lectures, a procedure for examinations and 
degrees, and an administrative structure or- 
ganized around faculties— universities have 
evolved over time to meet changing societal 
needs." 

American colleges and universities were able 
to monopolize the field of higher education 
because they were relatively autonomous, eco- 
nomically self-sufficient, and comprehensive 
in scope— capable of serving the multiple goals 
of higher education. Today, they no longer 
enjoy these advantages. As knowledge has in- 
creasingly come to be viewed as an important 
economic resource that can be bought and sold 
in the market, colleges and universities, faced 
with increasing costs and with competition 
from private, profitmaking institutions, have 
had to consider undergoing some radical 
^ changes. 

Public Role of Higher 
Education 

Although originating in the private sec- 
tor," ♦ American universities have become 
semi-public institutions, regulated and sup- 
ported, to a large extent, by government. This 
development occurred near the end of the 19th 



•HIJIark Kerr, The Uses of the University (Camhridge. Mms.: 
Harvard University Press. 1972). 

•Edward Shils» ''The Order of Learning in the United SUtes 
From 1866-1920: The Ascendency of the Universities," Miner- 
va, vol, xvi. No, 2, summer 1978, 

"Shils, op, dt; and Martin Trow, "Elite Higher Education^ 
An Endangered Species?'* Minerva, vol, xiv, No, 3, autumn 
1976; Ernest L, Boyer and Fred M, Hechinger, Higher Lemm- 
ing in the Nation 's Service (Washington, D,C,: The Carnegie 
Foundation for the Advancement of Teaching, 1981), 

•The first universities to be estahlished in the Unitad States 
foUowed the traditional European model. Serving primarily the 
wealthier members of society, they were specifically eeUhliahed 
to educate youth for leadership positions in the fields of 
theology, law, and education. 



century, when Americans began to regard col- 
leges and universities as having a unique soci- 
etal role." Unlike institutions of elementary 
and secondary education, which were expected 
to prepare the general population of youth for 
adult roles in society, institutions of higher 
education were expected to recruit those who 
qualified for leadership positions. And, where- 
as elementary and secondary education schools 
were designed to transmit the general, or pop- 
ular, culture from one generation to the next, 
\:olleges and universities were expected to 
transmit the total knowledge base of society. 
They were to be respKJnsible, moreover, not 
only for the transmission of knowledge, but 
also— through the pursuit of research— for Its 
creation. Believed to have a special under- 
standing of society, universities were called on 
to bring about its improvement.** * 

Two events— the land-grant movement and 
the alliance during World War II between the 
universities and the Federal Government— 
strongly influenced this development, giving 
the American university a distinct character. 
Involving the university in the daily life of the 
Nation, both of these events served to rein- 
force the public aspect of the university's role 
and to enhance the public'^ involvement in the 
affairs of the university. 

Democratic and populist, the land-grant 
movement called on the universities to extend 
the benefits of education to all segments of 
society. Responding to the Nation's rapid in- 
dustrial and agricultural development, it called 



"•Shils, op. dt. 
-Ihid. 

•American colleges and universities were particularly well 
suited to play the role prescribed for them. Bringing together 
faculty members from all disciplines, they were unique centers 
if intellectual stimulation. The Income they derived from teach- 
ing made them economically self-sufficient. And because their 
work was not circumscribed hy practical necessities, faculty 
members were fi:^ to work on haaic research in areas of their 
own intellectual interest. Notwithstanding a growing focus on 
research, the multidisciplinary nature of the university pre- 
vented it from becoming limitad in scope and helped to foster 
a public belief that the pursuit of knowledge was. in and of itself, 
an important societal goal and one that the colleges and univer- 
sities were alone capable of achieving. 
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on the universities, moreover, to expand be- 
yond their traditional role of training gentle- 
men as preachers, lawVers, and doctors, and— 
through qipliedr^e^rch— to deVelc^ the more 
practical ajiplications of education. Provided 
for under the MOTrill Act of 1862,^* land-grant 
colleges, open to children of all backgrounds 
were established to provide education in fields 
si^h as agriculture, engineering, home eco- 
nomics, and business administration. Unlike 
the traditional colleges, the land-grant colleges 
were not isolated communities. Thrpugh their 
agricultural experiment stations and their 
service bureaus, their activities were designed 
to serve the State.** 

Although the land-grant movement estab- 
lished t|ie Federal Government's interest in 
higher education and served to legitimate the 
university's involvement in public affairs, 
there was no significant interaction between 
Government and the academic community 
until World War II, when several major uni- 
versities were enlisted to conduct research for 
national defense. This wartime coUaboration 
established a precedent by which the Federal 
Government began to look to the universities 
for help in executing national goals. In ex- 
change for its assistance, the Federal Govern- 
ment provided the academic community with 
financial aid.*'* An increasingly important 
source of funding, the Government came to ex- 

"The Morrill Act of 1862. 

^Thiji law provided land to the States, the proceeds of which 
were to be used to teach in the Belds of a^culture and me- 
chanicaJ arts. Subsequent legislation provided Federal Hnan- 
dal support for research and the operation of the land-grant 
colleges. 

•'Kerr, op. dt. 

*'Kerr, op. dt.; Patrick M. Morgan, "Academic and the Fed- 
sraJ Govarnmsnt,** holk^ Studies JouroMl vol 10, 1981; D. Bok, 
*'The Federal Government and the University,** D. Bok, The 
Public iDteremt, winter 1980. 

* Federal involvement in higher education increased markedly 
after Work! War 11. By I960, the academic conmiunlty was re- 
ceiving about tl.5 billion from the Federal Government, 100 
times as much as it had received 20 years before. Moet of these 
funds were spent on research-related activities, and were chan- 
neled to a Limited number of universities and to a limited group 
of departments within universities. 



ert a considerable influeiac^e on university 
affairs/** 

While continuing to support research, the 
Federal Government, in the late 1960's, also 
began to provide funds tO; assure that all 
qualified students would have access to higher 
education/^* In fiscal year 1978-79, the Fed- 
eral Government spent approximately $14 bil- 
lion to /meet these goals/V Today, nearly 40 
percent of all students receive Federal aid, and 
75 percent of all university expenditures for 
scientific research are federally funded.^ 

Measured in accomplishments, it is clear 
that the alliance between Government and the 
university has been quite successful American 
universities have been responsible for many 
of the Nation's most significant achievements. 
Since World War II, for example, American 
scholars have received more than half of all the 
Nobel Prizes awarded for science. And Ameri- 
can research dominates the world's scientific 
and technical literature, accounting for ap- 
proximately 40 percent of the articles written 
each year.^' Moreover, the American univer- 
sity system has been remarkably successful 
in providing extensive and varied educational 
resources to a broadly based and increasing- 
ly diverse clientele. 



**Kerr, op. dt. 

'Federal funding was used to support rssearch in about 10 
major universities. Most funds were spent for research in the 
physical and biomedical sdeoces and in snjjnserlnfl Only about 
3 percent were used to support research in the sodal sdenoee, 
and almost nothing was spent for the humanitias. University 
decisions to accept Federal funds for research occurred outside 
of the normal acsdemic dedaioimiaking process, and oftsn deter 
mined how the universities would distribute their own funds 
and fadlities. 

*^Morgan, op. dt. 

'The Civil Rights Act of 1964, the National Education Act 
of 1966, and the Educational Amendments of 1972 provided 
the legislative basis for increased Federal involvement in 
academic affairs. In this legislation, the Federal Qovermnent 
endorsed the view that higher education was a vital national 
resource and one to which all Americans should have equal 
access*! 

"Sloan Conunission on Government and Higher Education, 
1980 Report. 
**Morgan, op. cit. 
'^Boyer and Heckinger, op. cit. 
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Status of American Colleges 
and Universities 

Today there are in the United States approx- 
inaately 1,957 4-year colleges and universities, 
549 of which are public and 1,408 private. Re- 
flecting the pluralistic nature of American 
society, they include a wide variety of institu- 
tions. AH together they enroll about 4,115,000 
full-time students.** Over the past 10 years, 
institutions of higher education have ex- 
panded rapidly in size, in number, and in the 
kinds of services that they render During 
the same period, higher education has been 
made available to a much broader section of 
the population."* 

The expansion of colleges and universities 
to meet the growing demands for education 
has. however, affected their future viability. 
American colleges and universities are, for ex- 
ample, no longer semiautonomous institu- 
tions. Heavily sup^rted and regulated by 
government, they have lost considerable con- 
trol over some of of their own internal affairs. 
In recent years, the Federal Government has 
come to determine such issues as who should 
be taught what, by whom, and how.** 

The American university is, moreover, no 
longer economically self-sufficient. Funds 
derived from teaching can no longer be used 
to subsidize university research. In fact today 
the reverse is true. Revenues from research 
now pay the overhead for many of the univer- 
sity's more traditional functions. As a result, 
more than ^ver before, departments are being 
designed to suit the needs of research, and 

**Tbe Condition of Education, op. cit. 
•Mbid. 

•During the 1970'8. the number of institutions of higher ed- 
ucation increased by 241 percent, the number of students at- 
tending these instituUons increased by 290 percent,and t,he 
number of degrees conferred upon graduates increased by 261 
percent. 

-Ibid. 

•Increased access to institutions of higher education is in- 
dicated by the changed radal and ethnic composition of the stu- 
dent body. For example, the difference between the percentage 
of blacks in the total population and the percentage of blacks 
in the student body decreased significantly during theae years. , 
"This changed composition of the student body can aiao be seen 
in the increase in the number of degrees that #ere conferred 
upon female and minority students. 

*'Bok. op. dt; Morgan, op. cit. 
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facility members are being selected more on 
the basis of their ability to attract research 
contracts and grants than on their ability to 
teach or even to publish." 

Once the undisputed center of research ef- 
forts in the United States, American univer 
gities are today competing strenuously with 
one another and with business and govern- 
mental research institutes for money, and re- 
sources. In the present economic and educa- 
tional climate, most universities are finding 
it difficult to compete. The cost of equipment 
for advanced scientific research is extremely 
expensive to buy and to maintain." Faculty 
members, drawn by the superior research op- 
portunities and financial benefits offered by 
private firms and government, are leaving the 
universities and taking their research teams 
with?dhem." 

To make themselves more financially inde- 
pendent, many universities and colleges have 
begun to sell their educational services to new 
Clients and to deliver them in new former. In 
an effort to capture some of the growing adult 
market for education, ui^yersities, as early as 
1963, began to develop programs of OQntinu- 
ing education. Many colleges and universities 
now offer degree courses through correspon- 
dence prograiiis. To compete more effective- 
ly with proprietary educational institutions, 
several colleges and universities have shifted 
the focus of their curricula from the arts, cul- 
ture, and leisure activities to vocational needs. 
Taking advantage of some of the new infor- 
mation and communications technologies, sev- 
eral universities have, moreover, begun to 
broadcast courses over cable TV and to pack- 
age instructional materials on video disks and 
video cassettes for sale to businesses or to 
other educational institutions." 



"Stephanie Yandiinski, Universities Take To the Market 
Place," New SdenUaU December 1981; Will Lepkowski. "Re- 
search Univerttties Face New Fiscal Realities," ChemicMlMnd 
Engineering Newa, Nov. 23, 1981. 

"''Graduate Universities- A New Model," Science, December 
1981. 

"Lepkowski, op. cit. 

"Patsy Vyner, Telephone Survey on Use of TeleconrnJunicM- 
tiona 'Hschnologiee mt Poet Secondmry InaUtutiona, unpublished 
paper, 1982. 
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Operating more and more in the market sec- 
tor, uhiversiti^ are also beginning to sell and 
to patent the results of their researclL*** Many 
of these arrangements are being made with the 
cooperation of business. Moreover, several 
faculty members acting independently have 
joined with suppliers of venture capitd to es- 
tablish new companies in fields such as genet- 
ics and electronics.*''^ 

If universities are to keep pace with their 
competitors in the profitmaking sector, it is 
clear that, given diminished Government fund- 
ing, they will have to make some new finan- 
cial arrangements with industry. This develop- 
jment has caused some concern within the aca- 
demic community. Meeting in Rome, Italy, a 
number of biologists recently identified some 
of the issues that might arise if universities 
become deeply involved in commercial ven- 
tures. To preserve their proprietary rights, 
universities might, for example, begin to 
restrict the free exchange of information, a 
process upon which so many of the universi- 
ty's traditional functions depend. In an effort 
to preseK^e traditi(mal values, some academics 
are now trying to tievelop guidelines for col- 
laboration.** 

Tqday, as the demand for knowledge and the 
cost of its generation increase, many colleges 
and imivdlrsities are finding it rbore difficult 
to be all-purpose ''multiversities.'** Unable to 
obtain Government or industry funding, many 
small liberal arts colleges, for example, can no 

••Upkowtki, op. dt. 

^For txampto. Stanford Univaraity racantly aold tha dasign 
of thair aoftware chip of a muaic aynthaaixer, devel(^;>ad by one 
of thair muaic profaaaors, to Yamaha of Japan for $700,000. 

*''ThaAcad«nic^InduatrialCo^lpUx« 'Sciaim vol 216, May 
28, 1982. 

^For axampla, Hoachat AO, a Oerman pharmaceutical firm, 
racantly providad $70 million for tha founding of a naw dapartr 
mant of moUcular biology at tha Maaaachuaatta Oenaral Hoa- 
pitaL In#¥fhanfa for thia contribution, tha Maaaachuaatta Gen- 
aral Hoapital haa agraad to grant Hoachat axduaiva worldwide 
licanaaa to any patantabla davalopmanta that raault from com- 
pany-aponaorad raaaarch. Harvard Medical School h«a a aimilar 
agreement with E. I. du Pont de Nemoura. In exchange for a 
$6 million oontributicn to build a new genetics department, Har- 
vard haa agreed to grant Du Pont licenaee to market any com- 
mercially uaeful reeearch for which it haa paid. 

••Ibid.; and Yanchinaki, op. dt 

*The term *'multiver«ity'' waa coined by Clark Kerr. It refera 
to univaraity conununitiee where teaching and reeearch ac- 
tivities coexiat but are perfonned in and by different eectora 
of the univaraity. 
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longer afford to pursue major research efforts. 
And many larger institutions hkve had to 
curtail some of their research ^aepartments. 
Others are beginning to shift their educational 
focus from one that emphasizes the liberal arts 
to one that prepares stud^ts for careers in a 
great variety ofnew and expanding technical, 
semiprofessional, and managerial occupations. 
This public/private develc^ment may have far^ 
reaching consequences. If more and more col- 
leges and universities begin to function as sin- 
gle-purpose organizations, they may find that 
they face much stiffer competition from the 
growing number of other single-purpose insti- 
tutions now seeking to provide education in 
the marketplace. 

Information and communication technolo- 
gies have potential applications for all aspects 
of higher education. They can play an impor- 
tant role, for example, both in providing a 
liberal education as well as in training in- 
dividuals for specific roles in society. They can 
serve, moreover, to facilitate research and the 
storing, retrieving and sharing of knowledge. 
Many of the ways in which the new technolo- 
' gies can be used will be of special interest to 
those universities which, in the face of shifting' 
demands and shrinking resources, are search- 
ing for new ways to become more economically 
and socially secure. 

They might be used, for example, to provide 
faculty support in routine and remedial learn- 
ing situations. The need for sucih support is 
likely to increase in the future, given an in- 
crease in the costs of providing higher educa- 
tion, an increase in the number of coUege 
students who will come from minority back- 
grounds, an increase in number of adults seek- 
ing higher education, and an increase in the 
need for job retraining. Many colleges and uni- 
versities are already using and developing new 
ways to apply information and commimication 
technologies for these purposes. At North 
Carolina State University, for example, stu- 
dents and faculty members worked together 
to develop a successful video tape instruc- 
tional program that teaches strategies for 
studying and learning.** 

**7^ieecaii; The Digest of the Center (or Leeming and Tele- 
comm unicM tkuiB, vol. 1, iasue 1, October 1981. 



ERiC 



92 • Infomkiormi l^chnofogy md lt% ImpMCt on Anmrican Edueatton 




The new technologiee can alao be used to ex- 
tend the boundaries of the university to pro- 
vide teaching facilities to those who would 
otherwise not have access to them. Many col- 
leges and universities have, for example, 
joined with public broadcasting stations to 
broadcast coUege credit telecourses as part of 
a new Adult Learning Service to be coordi- 
nated nationally by the Public Broadcasting 
Services.*^ Members of the health communi- 
ty have, inoreover, used video teleconferenc- 
ing to provide continuing medical education 
to professionals throughout the country 

Communication and information technolo- ' 
gies can also be used to distribute scared teach- 
ing and faculty resources across many cam- 
puses. Recognizing the potential for sharing, 

"Ibid. 

"JtmM J. Johiuoa, "A Cam Study: Th« HMlthy PuIm of 
M«dic«l Vidso TtUconftrtncing,'* SmUIUU OcunmunicMtioiu, 
May 1981. pp. 19-23. 




Columbia Unlvtnlty graduaU •tudtnts with •llotttd mflnframt tlm« «r« working at th« consoles (top). Thtir work Is cranktd 
Into thair d«p«rtm«nfs Information and ttortd for further proctsslng at th« Unv«rtlt/i Malnfnim* Computar Ctntsr 
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several colleges and universities have formed 
consortia to advise and assist them in the use 
of media-baaed ma£erials. A telecoinmimica- 
tions task f(»Te was recently fomied at the Na- 
tional Association of State Universities and 
hemd Grant Colleges/' for example. 

While the use of computers in college and 
university teaching has traditionally been 
limited to the fields of math and science, it is 
increasingly being extended to other areas as 
well. Viewing computer literacy as an essen- 
tial element of any general education, a num- 
ber of liberal arts colleges, such as Harvard 
and Wells, now require that all of their 
students become familiar with the computer. 
Faculty members and students have experi- 
mented in using the computer to teach a wide 
range of courses including drama, English lit- 
erature, psychology, and the classics." Where 
students on a campus have ready access to 
computers, they are using them more and 
more not as an adjunct to, but as an integral 
part of their learning routines.*^* 

By facilitating sharing, information and 
communication technologies can help reduce 
the costs of and increase the fesources avail- 
able for performing university research. Net- 
works to transmit data, voice, and vfdeo be- 

•*TBk»cmn, May/Jum 1982. 

••••Th« Wiml Univwiity Ii On lu Way," Buaineu Week 
Apr. 24« 1982. 
•*Ibid. 

^Last yMT, for flzample* 60 of the entering students at Renn- 
•elaar Polytechnic Institute were given computers as an ex- 
periment to see how they would be used. Within a short period 
of time, these students became very comfortable with them, 
uainf them as extensively as students who had brought their 
own computers to campus. 



tween universities are already being estab- 
, lished. Some will provide individual users ac- 
cess to library resources and scientific data 
bases, while others, like Bitnet, will allow 
faculty members. and students to conununi- 
cate with their colleagues at different colleges 
and research institutions and provide an en- 
vironment in which they can exchange ideas 
and information, and even coauthor papers.^ 
By extendihg their traditional boundaries, the 
new information and commimications technol- 
ogies may help the universities to adapt to the 
changed needs and circumstances of an infor- 
mation age. 

However, at the same time, and for many 
of the same reasons, they may also serve to 
undermine those aspects of the university that 
have traditionally set it apart from— and 
above— the rest of society. Semiautonomous 
communities' universities were expected to 
operate by a special set of rules and standards 
that woiild foster the developinent and the 
preservation of knowledge as a goal in and of 
itself. And members of the academic commu- 
nity, assumed to be loyal to these goals, were 
called on to serve as independent observers 
and critic? of society. The widescale deployr 
ment of information technologies may affect 
the university's ability to perform this role. 
Increasingly linked to outside groups, the uni- 
versity conununity may be less able to func- 
tion as an independent soxirce of knowledge 

and as independent observer of society. 

5^ 

••Bitnet Links Yale University. City Univerrity of New York, 
Columbia University. Princeton University, Rutgers Univer- 
sity. Penn SuoO^niversity. Brown University. Boston Univei^ 
sity. and Cornell University. 



Two- Year and Community Colleges 



More than any other educational institution, 
the American community college has ex- 
hibited an ability and willingness to adapt 
rapidly to changing societal needs and dr- 
cimistances. Experienced in reaching out to 
provide nontraditional services to new cat- 
egories of students, community colleges may 
have a special need for, and be particularly 



suited to take advantage of, the new infonna- 
tion technologies. j 

Contmiunity colleges emerged at the end of 
the 19th century to accommodate the grow- 
ing number of youths who, ^king some kind 
of postsecondary education, either were unpre- 
pared for or could not find room in the tradi- 
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tional college and university system.** Some 
of these new colleges were extensions of sec- ' 
ondary schools; others were 4-year colleges 
converted' to 2-year programs. Referred to as 
junior coUegee, they provided a general college 
c^rriculiun designed to be transferrable to 4- 
year colleges and universities. 

Today, as the change in their name sug- 
gests, community colleges offer a ciirricula 
more oriented towards the needs of local com- 
munities. Having continually added new func- 
tions as the need arose, community colleges 
now provide a wide variety of educational serv- 
ices. These include:*' 

• academic transfer programs; 

• terminal general education programs; 

• technical productive skills programs; 

• life skill program^ not related to employ- 
ment; 

• remedial programs; 

• oiltural, social, and recreational pro- 
grams; and 

• counseling. 

To provide such a wide variety of programs 
and services, community colleges have em- 
ployed untraditional organizational structures 
and educational techniques. Willing to adapt 
the institution to the n^s of their students, 
they have followed policies of open admissions, 
made use of the special skills of nonacademic, 
part-time faculty members, allowed flexible 
scheduling, and offered courses off-campus in 

\ such remote places as nursing homes, prisons, 

^ and storefronts.** 

> Because of their organizational flexibility, 
their open-door policies, and their aggressive- 
ness in recruiting new students, commu n ity 
colleges benefited more than any other institu- 
tions of higher education from the postwar 
baby boom and from the national emphasis 
during the 1960's on providing equal educa- 
J 

••For a history of community coU«fM. m Ralph R. Fialda, 
Tim Ckanmunity CoIkg9 Movmamit (Naw York: McQraw Hill. 

•^aark Karr. 'Chanfaa and Challangaa Ahaad for tha Com- 
munity Colla(»/' Community and Junior Colkf Journal vol. 
60, May 1960. 

••Barbara Outhria-Moraa. "Aganda for tha 80a: Community 
CoUaga Organixational Raform/' Community CoUaga Raviaw, 
■lirinc 1961. pp. 0^. 



tional opportunities. Their growth during this 
period was phenomenal. Enrollment increased 
by 930 percent, and, on the avereige, one new 
college was established every week." 

Today there are 1,194 2-year community col- 
leges in the United States, approximately 
thre&quarters of which are publicly suppwted. 
Together they constituted in 1979 a $62-biUion 
enterprisb.'' In 1980, community colleges en- 
rolled 1,718 fuU-timeand 2,733 part-time stu- 
dents, and employed about 87,000 full-time 
and 115,400 part-time faculty members. Al- 
though their distribution varids from State to 
State; they accoimt for a substantial propor- 
tion of higher educational enrollments in all 
of them. In 1979, one-third of all students, and 
27 percent of all full-time students were en- 
rolled in community colleges.'* 

Although a large portion of all students of 
higher education are enrolled in commimity 
colleges, community college students differ 
significantly from those who have historical- 
ly attended 4-year colleges and universities. 
As compared with those in the more tradi- 
tional institutions, community college stu- 
dents are more likely to be older, registered 
part-time and in noncredit courses, to come 
from lower economic badterounds and from 
minority groups, and to w in greater need of 
remedial instruction.^' 

Because of their demonstrated ability to 
adapt to change, and to attract new groups 
of students, community college^, unlike most 
other institutions of higher education, are 
predicted to grow throughout the 1980's. 
Their futiu-e will, however, not be without 
problems. 

' As total levels of enroUnfent decline, all 
educaCional institutions will begin to compete 
for the same categcnies of students. Once alone 
4n marketing tl^ir service to nontraditional 
groupwifestudents, community colleges may, 

••D. W. Draoaman and S. C. Nalaon, Finaocing Community 
Colkgaa: An Ecoaomic IWwpactiva (Waahlngton. DC: Tha 
Brookinffa InaUtuUoo. 1961). 

'•Ibid. 

"Ibid. 1 
"Ibid. 

^1 
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in the future, have to compete with high 
achools' to provide adult basic education^ with 
area vocational centers and proprietary in- 
stitutions to teach vocational and commercial 
skills, with company-based training programs 
to provide job specific instruction, and with 
4-year public and private colleges and univer- 
sities tp teach part-time and general education 
courses^" 

Community colleges will also have to com- 
pete with other institutions for scarce public 
resources/ Charging relatively lower tuition 
fees than other institutions of higher educa- 

''*S. V Martorana and >yayiM D. SmuU. "SUU UfialaUon. 
Politica. and Coaununity CoUagaa." Community Colhge Re- 
viptr. wintar 1060: S. V. Martorana and W. Gary McGuint. "R«- 
c«nt Lagal Action A ff acting Coaununity CoU^faa: A National 
Survay. ' Community Colkf Aaviatr. fall 1976. 



tion, community colleges are more dependent 
than most on public funding. 

In recent years. State governments have 
assumed greater resposibiUty for and control 
over comnjunity college affairs.'* In a period 
of increased costs and declining revenues, 
State policymakers, now responsible 'for a 
much broader area of educational activi||ies» 
may have to reevaluate the rationale according 
to which educational funds are allocated* Com- 
munity colleges may be particularly vulner- 
able in such a reevaluation< since there is less 
general recognition of, and no longstanding 
tradition to publicly finance, many of the func- 
tions that they perform." 



^'Branaman and Nalaon, op. dt 

"Ibid. 



Proprietary Education 



Proprietary educational institutions are 
profitrseeldng institutions that offer programs 
closery geared to preparing students to enter 
specific jobs and occupations. Over the years, 
fpur types of proprietary institutions have 
evolved, each appealing to a distinct educa- 
tional market. They include trade and tech- 
nical schools, licensed occupational schools 
(e.g., cosmetology and barbering), independent 
business schools, and home study schools. 
Most private and profit-seeking^, preschool, 
elementary, secondary, and preparatory 
schools are not considered part of the pro- 
prietary educational system, perhaps because 
they are less occupation-<Kiented and their cui^ 
riculums tend to be more traditionally struc- 
tured. 

Status of Proprietary Schools 

Proprietary schools have existed as distinct 
institutions in the United States since the 
1880's. Many were typical small businesses of 
the time— established by individual entrepre- 



neurs or as family operations.'* The over- 
whelming majority of these schools are still 
individually owned today, but corporate own- 
ership is now the most common form of pro- 
'prietary school organizattbn.^' Most schools 
are smedl. "ihe average private school enroll- 
ment (includes ponprofits in 1976 was 163, 
compared with an average enrollment of 666 
during the same year for public postsecondaiy, 
noncorrespondence schools.'* 

According to biennial surveys of poetsec- 
ondary schools that offer occupational pro- 
grams, conducte^l by the National Canter for 
Education Statistics (NCES), the number of 



""Donald E. MaUoo. 71m Hoh of Urn EntrtpHKmir-Eduaitot 
in Privutm Buainmt Educmtioo in ttm Unitmd SUtm Ptom 1860 
(o 1916: A Stuffy in CondiUoo0d Entiwpnnmirwhipk 1975 doc- 
toral diaaaitatlon. f9m York UnJvvraity. OraduaU School of 
Buainaat Admlniatratlon. 

""Stavwi M. Jung. Ptoprittmry Vocmtiood EducMtkm (Colum- 
buft. Ohio: National Cmti^for R«Mwch>^V^tianal. Tha Ohio 
SUU) Univaraity. 1080). 

""Evelyn R. Kay. EnroUmmts Mnd Ptogrrnna in NoaoolkgiMta 
PfMtmcondMry ficbooia. 1978 (Waahln«ton. DC: National 
Cantar for EducaUon SUtlaUca. 1»7»). 
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proprietary schools had incr^ed from 5,814 
in 1978 to 6,141 in 1980, of which 4,151 (67.6 
percent) were accredited.'* Of the 1.5 million 
students f nrolled in 1978 in all public and pri- 
vate noncorrespondence postsecondary sch^ls, 
61 percent (or 928,(K)0 atudents) att^d^l^ro- 
prietary institutions,"® An unpublished NC]ES 
survey indicated in 198p that total postsecond- 
ary occupational enrollments had increased to 
2.4. million and that thB number of students 
attending all types of noncorrespondence pro- 
prietary schools had risen as welL (No compre- 
hensive enrollment figure for 1980 is available 
^t present) Cosmetology/barber schools, busi- 
ness/commercial schools, flight schools, and 
trade schools were the largest groups of pro- 
prietary institutions, operating in 1980 (see 
table 15). As indicated in table 16, more of 
these schools &te accredited thsm ^y of the 
other types of proprietary institutions. 

There are an estimated 250 home study 
schools in the United States. The 70 of these 
that are accredited have some 1.5 ^lillion 
students enrolled annually.*^ 

It has been suggested that vdcational educa- 
tion began to evolve when those seeing the 

' T « ^ * 

. ^"Statistics of Postsecoridary Sch'bois With Occupational 
Programs," National Center for Education Statistics Early 
Release, September 1981. 
••Kay, op. cit. ' . 

•'Interview with Michael P. Lambert, Assistant Director, Na- 
tional Home Study CquncD, fall/winter 1981. 



need for additional and expanded occupational 
^training attempted to join two separate educa- 
tional systems— craftsmen education, which 
prior to that time had been in the hands of the 
craftsmen themselves, and academic educa- 
tion, which had developed around the concept 
of scholarship. Attempts by educationally in- 
novative individuals to place the preparation 
of craftsmen in the same context. as academic 
education met resistance from more tradi- 
tional educators. However, the need for oc- 
cupational education remained* 

Vocational education developed as a sepa- 
rate branch of what was then the traditional 
education system, but traditional academic 
school standard^— 'such as length of programs 
and methodology— were superimposed on this 
new type of educational experience. This re- 
sulted in a vocatidnal program that was too 
abstract and "... lacked the desired technical 
knowledge and practical skill."" 

WMe public and nonprofit vocational educa- 
tion programs continued to develop over the 
years^ the need to which proprietary education 
had Jbecome at least a partial response began 
to take shape. A study, of pesonality charac- 
teristics of 19th to early 20th century private 
buisiness school founders indicates thai those 



•*Melai|i L. Barlow, ^'Our Important Past," in The Future of 
Vocational Education, Swanson, Gordon I. (ed.| (Arlington, Va: 
American Vocatipnal Association, 1981). 



Table t5.— Number of Postsecondary Schools With* Occupational Programs, By 
Control and By Type of School: Aggregate United States, 1980 (univarsA data) 

\^ ' ' ■ Private 

' ^ ' independent 

Type of school Total schools Public Proprietary nonprofit r 

Vocational/technical.^.....^ \ 689 591 85 t3 

Technical Institute 107 . 2 96 9 

B.usiness/cammercial 1,388 " 3 1,348 37 

Cosmetology/barber „ 2,128 > , 3 2,125 .0 

Flight school » 928 1 , 926 1 

Trade school . . . !• . . .» ... 773 8 739 26 

Arts/design ..^ \ 250 ' 0 233 17 

Hospital school.,. 859 171 51 , . 637 

Allied health 384 117 220 47 

Junior/community college. 1,116 ' 905 86 125 

College/university 647 260 11 376 

Other... ..... 224 , 0 221 3 

Tptal 9,493 2,061 6,141 1,291 

SOURCE: "Statistics, of Postsecondary Schools With Occupational Programs;' National Centar for Education Statltilcs Early 
'«a/a«f^ Ssptsmbar 1981. ' ^ 
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Tabto 18.-*-NumlMr of PostMCondary Schools With OccupafionarProgramt, By 
. Control and By Typ# of School: Aggragato Unltad StatM, 
1980 (accrMlitad schodi only^ ' / 



Type of school 



Vocatlonai/tecihnlcal 

Technical institute 

Buslness/GommerclaJ 

Cosmetology/barber 

Flight school 

Trade school ' 

Arts/design 

Klospital school 

Allied health 

Junior/community college. 

College/unive^nsity 

Other X 

Total ..\...} 



Total schools 


Public 


661 


591 


92 


2 


743 


3 


1,713 


3 


714 


1 


420 


8 


146 


0 


609 


. 171 


301 


117 


1,112 


905 


647 


260 


25 


0 


7,383 


2,061 



Private 



Independent 
Proprietary nonprofit 



*tncHid«t all schools accraditsd by m nationsily rscognlzsd accrvdlting association, 
tllglbl« for participation in cartain Fadsral programs. 

SOURCE: ^'Statistics of Postsacondary Schools With Occupational Pro;grams;' Nmtlonmi 
flto/aaaa^ Saptambar tMI. 



were successful in their ventures pos- 
sessed both educational expertise and business 
know-how. More often than not, in the early 
years, ability as an educator was subordinate 
to that of entrepreneiu*. 

At the end of this period, however, the en- 
trepreneur without omsiderable sophistication 
in educational matters was unable to compete 
in the industry.*' Perhaps the entrepreneurial 
skills of these early business educators and 
their counterparts in trade and technical 
schools enabled them to identify significant 
markets, while their ec^cational skills enabled 
them to translate market needs into educa- 
tional programs. V 

Some view proprieta^ education as filling 
a vacuiun in occupational training that was 
created by the failure of continued develop- 
ment of apprenticeship education and the 
pu51ic vocational education systeip in the 
United States. In Europe, where these two 
types of educational experiences vare thriving, 
no private vocational school^ system has 
evolved.** 

. *^D^^lyi^^ium, Ptoprietaiy^^pCMtionAj Schools: An Al- 
ternative Ldfeetyid for the Diaenchanted/DiBadvantaged, pi^)6r 
l^reaented at the National Ont^ for Research in Vocationhl 
Education's Employability Confel*ence, Columbus, Ohio» Oc- < 
tober 1981. ^ > 
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83 


7 


731 


9 




0 


712 


r ' 


398 


14 


136 


, 10 


39 


599 


161 


23 


84 


123 


11 


376 


22 


3 


4,151 


1,171 



w^thsr institutional or ipaclallzad. or 
Canfsr for Bducmtfon Stm1Mlc9 EMrty 



Characteristics of Proprietary 
Schools 

Perhaps t^e most distinctive characteristic 
of propriety schools is their flexibility. 
Because they are operated as businesses, they 
are constantly monitoring the needs of their 
respective markets, for tlieir sui^val depends 
on how well th^y meet the needs of their cli- 
ents who ar^ seeking adequate preparation for 
employmenj;. The balance that must be main- 
tained betw^ providing suitable training and 
making a reiasonable profit results in continu- 
ous assessntient of and changes in operation 
and instruction.** 

Prbprietaiy schools are totally dependent on 
student tuition income. Rarely if ev^er are they 
endowed or do they* provide student scholar- 
ships. Ai^ a result of the Education Amend- 
ments of 1972, their enroUees are eligible for 
fiin^cial assistance from such Federal pro- 
grams ka Basic Educational Opportunity 
Grants and Federally Insured Student Loans. 
In comparisions of the costs of private versus 
public vocational education programs, in- 
cluding Federal and State assistance to public 
institutions, proprietary school programs are 

"A. Harvey Belitaky, Private Vocational Schoola and Their 
Students: Limited Objectives: Unlimited Opportunities {Cam- 
bridge, Mass.: Schenkman Publishing Co., Inc.» 1969). 

Si . 



less costly, although tuition for students 
enrolled in private, profit-seeking institutions 
is highef.** 

the course offerings of these institutions 
tend to be shorty than those of their public- 
ly funded coimterparts, and liberal arts re- 
qxiirements are usually not a part of their cur- 
ricula« Because enrollments are much smaller 
than those in publicly funded vocational 
schools and their administrative structures are 
less complex, they can develop materials and 
introduce new courses more quickly in the oc- 
cupational fields that are in demand in the in- 
dustrial job market (e.g., data processing). 
More often than not proprietary schools in- 
trlude as course content only those principles 
which are directly related to and necessary for 
mastery of a specific occupation. A year-round 
schedule of day and evening classes is com- 
mon.*^ . 

Instructors in proprietary schools tend to 
be sel^ted because of their work experience 
and craftmanship rather than on the basis of 
their experience in the cl^sroom or their aca- 
demic degreea. They are not tenured employ- 
ees, and are constantly evaluated in terms of 
their achievement 6f student satisfaction ajid 
graduate employability." In some proprietary ^ 
schools, instructors also serve as placement 
counselors. This is seen by some school admin- 
istrators as yet another way to ensure that 
what is taught in the classroom is appropriate 
preparation for entry or reentry into the job 
market." 

Another cl]iaracteristic of proprietary school 
education is its emphasis on tte development 
^ of what might be called widely accepted work 
behavior in enrollee§. Students are expected 
to attend classes or risk suspension, to com- 
plete assignments in a timeiy fashion, and, 
especially in business school programs, dress 
according to common business standards, 
since all these characteristics are seen as 



••Jung> op. dt. . . N — „ — ^ 

^^Belitaky, op. dt. 
•HUann, op, dt. 

"Interview with Stephen Friedheim, Preaident. Asdodation 
of Independent Colleges and Schools, fall/winter 1981. 



necessary for successful, long-term emiploy- 
ment.*® 

Markets Served by ' 
Proprietary Schools 

Aj98Ci study that used'1975 data suggests 
that, in general, proprietfuy school students 
shtoe the following characteristics: 

• A larger percentage are female and black 
as Qompcu^ with istudents in community 
colleges; 

• They are more likely to come from lower 
income backgroun4s and be older, mar- 
ried, and out of high school for a longer 

' time; and 
They are more likely tl^ commimity cd- 
1^ freshman to receive fipandal aid from 
Federal funding sources. T*he most fre- 
quent source is the Basic Education Op- 

\ portunity Grant, which supported 4 o^t 
t)f 10 students. The greatest source of dol- 
lars is th^ Guaranteed Student Loah 
Programs. ' 

Further comparisons in the study of students 
Mthin the proprietary school sector reveal 
their diversity: 

• The. enrollees in independent business 
schools are largely women, while enrollees 
in trade and technical schools are consid- 
erably old6r and are composed of a high 
proportion of veterans, married students,, 
and minorities. 

• More trade ond technical school students 
cojxxe from wealthier families than do 
those in businesd^. schools. 

• Independent busii^s school students are 
more likely to parjticipate in college work 

^ study programsTand trade and technical 
school students are more likely to support 
I their studies throu^ GI benefits and 
money earned from full-time work.*^ 

4.. . • . . ■ 

"Ibid. 

"Mard L. Cox, ChMragteriatka of Students Attending Pro- 
prietery SchoOb end Pectora Infhiendng Their InstituHonel 
Choice, 1980 doctoral dissertation. University of California,' Los 
Angeles. 
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A study of proprietary schools and colleges 
conducted in 1975 found that students who at- 
tend proprietary schools are, for the most part, 
ignored by institutions of higher education. 
Proprietary 'schools do not compete for stu- 
dents with colleges and universities, but in- 
stead meet a specific market need. Their great- 
est potential impact oh higher education is in 
diverting Federal assistance from collegiate 
institutions.*' 

In the 1978 survey of postsecondary schools 
with occupational programs conducted by 
NCES, 32 percent of men and 38 percent of 
women attended private schools (indudes non- 
profit). The survey results show that, during 
the period 1974 to 1978, more women than 
men were enrolled in private (includea non- 
profit) schools. As illustrated in table 17, 
female enrollments fluctuated from 52.9 per- 
cent to 54.2 percent. Enrollments for male^s in 
private schools increased significantly from 61 
percent to 67 percent during the same 4-Vear 
^ period. Increases in enrollment levels in pri- 
vate schools from 1974 through 1978 accounted 
for most of the enrollment growth in postsec- 
ondary occupational educatioti. 

While individual enroUees represent the pri- 
mary target audience for all types of propri- 
etary education prograips, business and indus- 
try, as well as State and local education agen- 
cies, have been looked on by some segments 

"J. Michael Ervin, The ProprietMry SchooJ: Asaeaaiog Its Im- 
pact OD the Ck>UegiMt0 Sector (Ann Arbor, Mich.: University 
of Michigan,;. Center for the Study of Higher Eiducation, 
February 1976). 



Tabl« 17.— Percent Distribution of IMen and 
Women by Controi of Schooi 



Control 


Total 


Men 


Women 


Public 

Private 


100.0 

100.0 


58.5 
47.1 


41.5 
52.9 


Total, 1974 


100.0 


51.0 


49.0 


Public 

Private 


100.0 

100>0 


54.7 
45.8 


45.3 
54.2 


Total, 1976 


100.0 


48.8 


51.2 


>ubljc 


100.0 

100.0 


53.1 
45.'8 


46.9 
54.2 


Total, 1978 


100.0 


48.0 


52.0 


SOURCE Ev«tyn R Kmf, EnrolkrwitM md Progmmt In NoocpH^gtMf PoBtMcond- 



Mry Schoois, 1978 (WMnington, D C : National CtWt for Education 
Statistics), p ^ 



of the profit-seeking educational system as im- 
portant markets. Prior to and during World 
War II, for example, extensiye amoimts of 
training for industry were, carried out by trade, 
technical, correspondence, and home study . 
schools. After the war, however, there was a 
dramatic drop in the volimie of contract train- 
ing, as companies who had not already done 
so began to establish their own in-house train-^ 
ing capabilities.*' 

Although relations between proprietary 
school educators and nonprofit educators have 
been and continue to be strained due to their 
different views about the profit m^ive in edu- 
cation. State education agencies and. local 
school districts are beginning to approach 
profit-seeking institutions to operate special 
programs. The Vocational Education Act of 
1963 cleared the way for public agencies to es- 
tablish contractual relationships with proprie- 
tary schools where such schools can . . . 
make a significant contribution to attaining 
the objectives of the State plan for vocational 
education and provide substantially equiva- 
lent training at a lower cost; or provide ^equip- 
ment or services not available in public institu- 
tions."** 

Despite this enabling legislation, contract- 
ing between public and proprietary institu- 
tions feftiains at fairly low levels. In 1977, con- 
tracting between local school districts and 
private Vocational schools made up between 
Q.6 and 1 percent of Federal outlays for voca- 
tional education under Part B of the Voca- 
tional Education Act. Barriers identified to 
more extensive utilization of proprietcuy 
schools included' a distrust of the profit 
motive, a concern over ' highly publicized 
abuses of Federal student .loan programs by 
some profit-seeking institutions, and the 
absence'^of administrative systems that would 
encourage n^ore working agreements. •'^ 

' 

••Interview with William A. Goddant Executive Director, Na- 
tional Association of Trade and Technical Schools; Interview 
with Michael P. Lambert, fall/winter I'OSl. 

•^Educational Testing Service; Education Policy I&search In- 
stitute, Private Scboola and Public Policy (Waahington, D.C.: 
Office of Education, September 1978). 

-Ibid. 
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Applications of Information 
Technology in Proprietary 
Education 

All proprietary education industry leaders 
and school administrators interviewed in this 
investigation expressed awareness of the in- 
creasing role of information technology. How* 
ever, differences of opinion exist as to how 
useful such technology is in specific types of 
proprietary institutions. It is interesting to 
note the applications of information technol- 
ogy within a group of institutions forced to be 
wary of high administrative costs, and known 
for their ability to be flexible and responsive 
to frequently changing needs in their respec- 
tive markets. 

Trade and Technical Schools 

Little or no use of any form of information 
technology is being made by accredited trade 
and technical institutions. This type of pro- 
prietary school tends to be highly instructoi*- 
oriented, to emphasize learning by doing, and 
to restrict the amounts of theory presented in 
the classroom to that which is directly job- 
related. Video tapes are sometimes used to 
demonstrate equipment operation and to pro- 
vide individuals with performance feedback. 
Costs associated with the use of educational 
technology are cited as a reason for its limited 
use. Data processing schools are the only pos- 
sible exceptions^ 

Licensed Occupational Schools 

To date, schools of cosmetology and barber ' 
colleges have made very little use of informa- 
tion technology in their occupational pro- 
grams. The most conamonly utilized forms of 
technology in the cosmetology field tend to be 
video tape, used to record remarks of visiting 
instructors or to demonstrate particular proc- 
esses and/or techniques, and audio cassettes, 
used to record instructor presentations. Al- 
though the potential for the use of educational 
technology is recognized, the relatively small 
size of most licensed occupational schools and 



the investment required for equipment and 
software result in few applications.** 

Proprietary Business Schpols/ 

Video tape, closed-drcvut television, compu- 
ter-managed instruction (CMI), and computer- 
assisted instruction (CAI) are all in use at pres- 
ent in profit-seeking business schools. Video 
tape is by far the most common form of tech- 
nology being applied, closely followed by CMI, 
which is used for tracking applications, enroll- 
ments, financial aid, grading, and placement.*' 
At Johnson and Wales College in Providence, 
R.I., closed-circuit television is used to lilik 
two classrooms and to provide better viewing 
of cooking demonstrations for students at- 
tending the culinary arts program. 

An electronics school affiliated with J ohn- 
son and Wales also makes use of closed-circuit 
television in selected classroom sessions. Al- 
though cost remiiins a major deterrent to fur- 
ther use of these and other technologies, the 
administrator of this school feels that pro- 
prietary business schools will beiorced to 
make greater applications of technology in the 
classroom, given what he calls the ''video 
orientation" of today's students.** 

Coleman Coflege, located in LaMesa, Calif, 
and founded in 1973, offers programs in data 
processing and computer electronics to a stu- 
dent body of 800. Closed-circuit television is 
utilized in every course offered. The college has 
two large viewing rooms as well as individual 
viewing stations for student use, and its own 
video tape studio. Video tape is used to record^ 
lectures prior to delivery, and then to highlight 
them with graphics. Coleman has a CMI sys- 
tem used to monitor student progress, to se- 
lect appropriate readings, and to administer 
testing.** 

••Interview with Gerald Donaway, Executive Director, Na- 
tional Association of Trade and Technical Schools, fall/winter 
1981. - . ^ , , 

* •^Interview with Stephen Friedheiin; also interview with Jack 
Yena, Executive Vice President, Johnson and Wales College, 
f ally winter 1981. 
••Ibid. 

••Interview with Coleman Furr, Chairman'of the Boaf d, Cole- 
man College, fall/winter 1981. 
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Home Study Schools 

^ At present, the home study industry re- 
mains very print-oriented. The National Radio 
^ Institute (NRI), a wholly owned subsidiary of 
McGraw-Hill, Inc., and the largest technical 
correspondence school in the country, with an 
average annual enrolhnent of 60,000, uses a 
CMI system that permits student examina- 
tions to be graded, annotated with person'al- 
ized comments and mailed back to the enroUee 
within a 24-hour period. The admissions and 
financial records of NRI have just recently 
been converted to a computer format. Lesson- 
grading records will be automated in the next 
phase. 

As part of a video cassette repair course now 
offered by the school, two instructional video 
tapes have been developed, that soon will be 
distributed to enroUees. Plans for 1982 call for 
the addition of CAI to the microcomputer o 
technology course, which begins by taking the 
student through basic electronics and ends 
with microtechnology. A TRS-80 computer, in- 
cluded in the cost of the course, is shipped to 
each student after successful completion of a 
certain number of lessons on basic electronics. 
EnroUees learn how to repair the computer and 
how to develop and run simple software pror 
grams. Through CAI units, to b6 added next 
year, students will learn how to do elementary 
programing in BASIC. Cost is a major deter- / 
rent in conversion of .additional coursejs to 
CAI, video disk, or any other form of tech- 
nology. >^ 

Future Uses 

By far the se^i^nent of the proprietary school 
industry doing the most to encourage addi- 
tional applications of information technology^ 
in future education ^programs is the home 
study group. A recent review of current prac- 
tices in home study suggested that greater use 
of educational technology is one way to ensure 
regeneration of the industry.*®* In May 1981, 

'•'^Int^rview with John*F. Thompson, President, National 
Radio Institute; also interview with Louis Frenzel, Senior Vice 
President, Product Development, National Radio Institute, 
falL'winter 19^, 

Louis E. Frenzel 'Ten Reasons Why Home Study May Not 
Survive the 80's, " NHSC News, fall 1981, pp. n-18. 
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the National Home Study Council (NHSC) es- • 
tablished a forum for educators' known as the 
Green Chair Group to predict what shape 
home study will take by 2000. 

In addition to a series of papers produced 
by selected individuals, the end-product of the 
effort will be a predictive model, developed 
from a Delphi survey series administered to 
group members. From the first round of 
papers submitted to NHSC in 1^81, it is clear 
that these educators see extensive use of in* 
formation technology in ''distance educa- 
tions—the new name they have coined for 
home study— in the very near future. While 
they see the continued use of print jpiedia, 
some predict that in most homes there will be 
interactive video and voice units with hard- 
copy capability that may be utilized by dis- 
tance educators. Others feel that home study 
students will be offered a choice of straight lec- 
ture or interactive svstems similar to today's 
PLATO. There is spi^culation that laser-based 
holography will be perfected to the point tliat 
it will be used to bring the instructor— life- 
sized and three-dimensional— into the home. 
There will also be interactive computer simula- 
tion capability. 

^ Some see enrollment as a process that will 
be handled through home-based electronic de- 
vices or through home study industry-spon- 
sored centers set up for this purpose. Industry- 
supported regional counseling centers wiU 
operate as nonprofit cooperatives. Counselors 
will be trained and compensated by distant 
education suppliers who are cooperative mem- 
bers. Satellites will be the most likely mode 
of transmission and will create a climate in 
which transnational education programs will 
be commonplace. 

Technologies currently available, such, as 
video tape, video disk, CAI on microcdm- 
puters> and cable wiU increadie in use. One 
panel member expressed the view that in the 
future information technology will -allow dis- 
tant educational institutions to offer their stu- 
dents personalized instruction and services 
comparable to those of residence training pro- 
grams, while at the aame time continuing to 
allow them '' . . . to study at their own pace 
and to have a fuU-time job while they are pur- 

bo 
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suing a program of study/* One representa- 
tive cautioned however, that the major prob- 
lems in application will come, as they have to 
date, from . . . enthusiasts for technology 
who are long on fervor and short on under- 
standing.'' . not from tho^ who resist its 
utilization/" 

Future Uses by Other 
Industry Segments 

While cost will remain a prohibiting factor 
for the foreseeable future, other proprietary 
educators, especially business schools, are 
speculating on how existing technologies will 



'••Green, Chair Group, UnpubUabed Pmpers (Washington, 
DC: National Homo Study Council, 1981). 



be applied in the future in their institutions. 
For example, local television stations may be 
used to broadcast courses emanating from in- 
dependent business schools. One business 
coUege administrator Suggested that his in- 
stitution might adapt its culinary arts pro- 
gram for delivery to the home market via tele- 
vision. Another business school official feels 
that within 3 to 5 years, video disk will become 
practical for acquisition, due to considerable 
cost reductions. He also hopes that increased 
availability of video telecohferencing equip- 
ment through local telephone company offices, 
plus cost reductions associated with its use, 
will make application of this technology fea- 
sible. 



♦•"Interview with Stephen Friedheim. 



Education in 

The family household has always been a cen- 
ter of learning, and its members have always 
played a key role in providing educational 
services. Grounded in the social and economic 
order, the family household mediates the cul- 
ture, helping to provide the behavioral and 
cognitive skills members need to perform ef- 
fectively in society. 

Learning within a household is a loose and 
informal process. Family members act as both 
teachers and learuers. By interacting with one 
another, they adopt roles, acquire personali- 
ty traits, form values, and pattern their be- 
havior. ^'^^ Of all of the institutions that 
educate, the family is the most versatile and 
the least restricted with respect to the educa- 
tional methods and the technologies it can use. 
Given this versatility, the household may pro- 
vide a plurticularly suitable environment for 
using the new information technologies. If 
widely used for educational purposes in the 
home, the new information technologies dould 
make the household an increasihgljrimportant 
center of learning. y 

'•^Jaroca Garbarino, "The Family: A School for LMng, ' A^a- 
tionml EiemcDtMry School Principal vol. 66, Ma>rl976. 



the Home 

status of Education 
in the Home 

Although most people receive most of their 
formal education in institutions outside their 
homes, the home has always played an impor- 
tant role in education, particularly in the 
education of the young. For even though fami- 
ly members are not primarily responsible for 
the instruction of cognitive skills, their 
behavior in the home strongly affects at- 
titudes about learning. Recent studies have 
shown that the home environment is the most 
significant single factor that detennines aca- 
demic achievement.*" 

Adults also learn in the home, either in- 
directly through interaction with others or 
through deliberate efforts to acquire certain 
kinds of knowledge and skills. Books, maga- 
zines, radio, and television can all be used at 
home as learning resources. Some adults may 
continue to receive formal education in their 
homes through correspondence courses.*" ♦ 

^'Mames S. Coleman^ Equai/ty of EducMtionml Opportunity, 
Amo Press, 1979. 
'••Dede, op. cit. 

♦The National Home Study Council estimates that there are 
4 million oorreepondence students in the United SUtea. Because 
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Today the American family is undergoing ^ 
some radical changes that could significantly 
affect its ability to provide educational serv- 
ices in the home< At present, for example, 
about 40 percent of all American families are 
structured or operating in a way that marked- 
ly varies from the traditional norm. Since 
1960, there has been, for example, a 100-per- 
cent increase in the number of single-parent 
families, and, since 1970, a 33-percent increase 
in the number of households headed by wom- 
en.**^ Because single parents have less time 
and fewer resources to spend in or on the home 
than do couples, these changes may seriously 
reduce the ability of some families to provide 
for the educational needs of their children. A 
recent study found that children from single- 
pareqt families fare less weU in school, both 
socially and academically. 

The educational needs of the family are also 
changing. Until recently most people had by 
the end of their childhood developed and ac- 
quired the skills and re^urces they needed to 
operate effectively in society. Today, however, 
with the explosive growth in the fund of 
knowledge, people are becoming increasingly 
dependent on pontinuing education for both 
their social and their economic welfare. It has 
been estimated that the average American 
growing up today will have to be retrained four 
times during his working life. He will also need 
more education if he is to participate in mak- 
ing decisiQns about his life and environment, 
and if he is to make effective use of his in- 
creased leisure time.*^ 

How weU families of the future can meet 
these enhanced educational needs will depend 
not only on the organization of the family and 



education in the home is such an informal process, it is difticult 
to determine its extent. A number of recent surveys have con- 
cluded, however, that nearly 90 percent of all adults undertake 
at least one major project a year. 

''Winifred I. Wamat, "Future FamiUes as Household School 
Institutions/' Educmtion: A Time for Decisions, Kathleen M. 
Redd and Arthur M. Harkina (eds.), selections from the Second 
Annual Conference of the Education Section of the World 
Future Society. 1980. 

^'"David Melendez, "A Developing Paradox: The Role of Fanh 
ily Education." CiBMriag Hovae, vol. 66. No. 6. January 1982. 

'••Katherine Patricia Cross, AduifSlts Lemjfters (San Fran- 
cisco: Joesey-Bass Publishers. 1981). 
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on its relationship to the rest of society, but 
also on the kind of technologies that are avail- 
able to assist them. Printing and the mass 
publication and circulation of books, news- 
papers, and periodicals, for instance, have 
greatly improved the possibilities for learning 
in the home. And the invention and widescale 
deployment of radio and television has also 
had an extraordinary impact with respect to 
who learns, and what is learned at home. 

Many new educational technologies such as 
cable, video disks, and the personal computer 
are now being made available for use in the 
home at more affordable costs. In 1981, there 
was a market for about 1 million personal com- 
puters. It is estimated that by the late 1980 's 
as many as half the families in the United 
States will have them in their homes. It is pre- 
dicted, moreover, that, by the end of the 
1980's, the percentage of homes wired for ca- 
ble will increase from the present 28 to 50 per- 
cent. 

Because the widespread deployment of in- 
formation technologies wiU si^^cantly affect 
how members of a family interact and use their 
time together in the home, it will haX^e a signifi- 
cant effect on education. It is difficult to pre- 
dict, however, what that impact will be. 

The new information technologies could sig- 
nificantly improve the learning environment 
for children in the home. Parents ofi&a lack 
the time and expertise necessary to effective* 
ly supplement their children's education at 
home. Traditional resources such as books, 
television programs and recordings ve essen- 
tially passive and canpot be tailored to meet 
individual needs. The new technologies are in- 
dividually oriented and interactive. Because 
they can rapidly process information, they can 
be used, moreover, to assist parents in diag- 



>'*Clark C. Abt, "What the Future Holds for Children in the 
TV Computer Age: Unprecedented Promises and Intolerable 
Threats to Child Dev^opment," an adapted version of the 
ke3mote address to the National CouncU for Children and Televi- 
sion Symposium on Children, Familiea, and the New Video Com- 
puter Technologies, Princeton. N.J.. Mar. 10, 1980. 

'"Clement Bezold, Home Oompoten sad Telscoinmunicstions 
in the Future Environment of Children, a Preliminmry Report 
May ISSO.-for the Foundation for Child Development by the 
Institute for Alternative Futures. 
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A family iMvtt a atora In Yonkara, N.Y., with a computer and 
softwara to ba gaad by an ocaanographer father and his 

hlgh-schoot-aga children 



nosing learning problemd and in developing 
creative approaches to remedy them."' 

If they enhance the household resources 
available for instruction, the technologies will 
make it easier for the growing number of 
parents who, dissatisfied with formal educa- 
tional institutions, would prefer to educate 
their children at home."** The tethnologies 
may make it easier for parents to meet the 
educational 3tandards reqxiired by many State 
compulsory education laws. 



- "■victor Walling, Thomai C. ThomaB. and Mamlith A. Lar- 
son, EducMtioDMl ItnpUcMtioa9 of In-Hom ElBctroDk TWrhnoA 
ogy, SRI prapared for the Department of Health, Education, 
and WaUare. Wuhington D C, May 1979. 

"'Leah Beth Ward. "What Happens When ParenU Turn 
Teachara/' The Nmw York Tinaea Winter Survy of EducMtha, 
aec. 13. Sunday, Jan. 10, 1980. 

^Tha number of parents who choose to educate their children 
at home is difficult to sstimate, since many parenU do it 
dandeetinaly so as to avoid court battles. Recording to the Na- 
tional Association for the Legal Support for alternative schools, 
the number of familiaa, now about 1 million, is rapidly growing. 



While the new techndog^es may serve to en- 
hance the possibilities for learning in all 
households, t)py could be of special educa- 
tional value to those individuals who have 
traditionally foimd it difficult to learn in for- 
mal educational settings or in0tituti0n8. Many 
adults, for exaniple, have often been inhibited 
from participating in traditional educational 
programs because they felt too self-conscious 
or l^cause such programs were too expensive, 
time-consuming, or inconvenient. Educational 
. services delivered directly to the home could 
overcome such barriers. In addition, children 
living at home with a single parent who works, 
and handicapped individuals, confined more 
than usual to the home, may also find that the 
new information technologies have, for them, 
a special educational potential. 

On the other hand, it is possible that the 
technologies may actually diminish the oppor-^ 
tunities for home education. Like television, 
they may be more of a technological than'^a 
cultural success. Instead of increasing individ- 
uals' access to information, and providing new 
ways of problem-solving, they may, in fact, 
lead to an unproductive use of time, provide 
children access to pornography and violence, 
and replace formal learning a||^ivities with 
much less valuable ones.^^* Moreover, if the 
technologies are primarily designed for and 
made available to middle-class families, they 
could increase rather than diminish the gap 
between the educationally advantaged and dis- 
advantaged. 



'"Walling, op. dt. 

"•Abt» op. dt; and J. Weizenbaum. "Ones More— A Computer 
Revolution.'* BuUetin of the Atomic ScientiBtM, vol. 34. 
September 1978. pp. 12-19. 



Libraries 



/ As institutions that acquire, store, manage, 
^d disseminate information, libraries provide 
a variety of educational s^^ces. The learning 
environment in a library is unstructured. In- 



dividuals of all ages are free to come and go 
as they please; to lea^n on their own, and at 
their own pace. Information is presented in 
general terms so as £o be most relevant to a 
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broad, undifferentiated clientele. The tradi- 
tional medium by which learning takes place 
is the printed word. 

Today, libraries are at a turning point. They 
must make some major decisions about 
whether and how they should employ the new 
technologies— decisions that will significant- 
ly affect their ability to perform what has been 
their traditional educational role. Taking ad- 
vantage of these technologies, libraries might 
increase and/or enhance the educational ac- 
tivities that they provide. On the other hand, 
libraries might use these technologies as the 
^ means of shifting their role from one of pro- 
viding public services such as education to one 
of providing information on a fee-paying basis. 

Education in the Library 

In the United States, libraries hUve always 
been regarded as popular, educational institu- 
tions. Like the public schools, they derived 
their support from the public education and 
reform movements that developed after the 
Civil War."* Traveling libraries were founded 
to bring news and reading materials to rural 
areas where book deposit stations were set up 
in grange halls, neighborhood stores, fire sta- 
tions, and women's clubs. In the cities, librar- 
ies were established not only to provide access 
to books but also— like the settlement houses 
—to provide a haven and adult education pro- 
grams for a growing number of working-class 
inmugrants. These libraries developed rapid- 
ly during the post-Civil War period, and even 
continued to thrive in the depression years. 

McH^ recently, libraries have tried to provide 
programs, materials, and services that could 
help all individuals, whether they could read - 
or not, to attain their educational goals. The 
National Commission on Libraries and Infor- 
mation Sciences, for example, recently 
adopted the goal of:"' 

J. . providing every individual in the United 
States with equal opportunity of access to 

"•v: H. MatiMwt, Ubrmrim for Todmy aad Tbmonvw (Gaitiai 
City. N.Y.: DaubUxiay A Co.. 1976), 
"'Ibid. 
"Mbid. 

o 
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that part of the total information resources 
which will satisfy the individual's working, 
cultural, and leisure time needs and interest, 
regardless of the individual's location, or 
social or physical level of achievement. 

The important educational role that libraries 
perform has been recognized and supported by 
the Federal Government. Federal aid to librar- 
ies was first granted, in fact, as part of the 
Federal Government's efforts to enhance and 
equalize educational opportunities. 

Status of Libraries ' 

There are in the the United States today 
29,446 individual libraries, some publicly and 
some privately supported. These include 
14,390 public libraries or library branches, 
4,676 adademic libraries, 489 military librar- 
ies, 1,451 civilian government libraries, 5,294 
^ special libraries, 429 law libraries, 1,705 med- 
ical libraries, and 1,012 religious libraries. In 
addition, there are library media centers in 85 
percent of the public schools."' 

Not all of these institutions provide educa- 
tional services. Unlike public libraries, special 
libraries, for example, are supported and main- 
tained to provide a specific kind of informa- 
tion to a particular clientele. They are not 
necessarily open to the public. 

Although libraries were once a major center 
of activity in many communities, they have 
become increasingly irrelevant to many Amer 
icans. Television and the inexpensive paper- 
back book have replaced the library as a ma- 
jor soiu-ce of information and entertainment. 
Now only about two-thirds of the population 
of a typical community use the public library. 
Another third have never used it at all.*"* ^ 

Lacking public support, many libraries op- 
erate under severe economic constraints. Most 
negatively affected are those that provide 
educational services— public libraries, school 
libraries, and univer^ties. Public libraries, for 
example, are dependent for their finnncing and 



''•The Bowkmr AnnumJ of Ubruy and Book Trade iDformm^ 
thih 25tlied..n080. 
'**Mathew8, op. cit. 

() . . 
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support on local communities that are them- 
selves experiencing severe economic difficul- 
ties. AK>roximately 81 percent of their financ- 
ing comes from local propeaty taxes, funds for 
which n^ny social services compete. Of these 
funds, public libraries typically receive less 
than 1 percent. Unable to meet increased costs 
with declining budgets, many libraries have 
had to cut badt their services, buy fewer mate- 
rials, shorten hours and share resources.**' 

Also vulnerable are academic libraries- 
some of which have, over the last decade, had 
to reduce their expenditiires for materials by 
20 to 40 percent.*" To meet the rising costs 
of operations, the Firestone Library at Pripce- 
ton University is now considering charging 
fees for all nonaffiliated users.'" 

The major research and special libraries 
have had fewer of these problems. Because 
they have a more clearly defined and econom- 
ically valued role in their institutional en- 
vironments, they are more financiaUy seciure. 

The growing demand for information and 
the development of information technologies ' 
offer libraries an opportunity to establish a 
new rationale for their existence and a new 
basis of economic support. Demographic 
qhanges, new lifestyles, and changing values 
may create new library users with greater and 
different information needs, and the new in- 
formation technologies may provide possible 
ways of meeting them.*** 

Taking advantage of these developments, 
some libraries are ateady moving ahead to 
define a new role for themselves informa- 
tion brokers. If they are to move in this 
direction, many libraries may, however, have 



to reconsider their tracjitional policy of pro- 
viding free services to th^ public. To compete 
effectively with the growing number of other 
information enterprises, they will have to 
restructm^e their operations to meet the spe- 

- dfic needs of their paying clientele. Unless 
libraries receive indreased public support or 
subsidies from their private operations, fewer 
human and economic resources will be avail- 

• able to provide educational services to the 
public. 

Not all libraries will use the new technol- 
ogies to compete in the information market* 
Some libraries are trj^g to regain a base of 
popular support by using the new technologies 
to enhance the public services that they per- 
form.'" In the Plattsburg public library in 
upstate New York, for example, a microcom- 
puter has been used successfully to»develop 



'"Ibid, V 
'"IbicL 

'"Princatoa Ahinmi Wmkky, -Apr. 19. 1982. 

'••Ld«h EaUlirook (•d). Ubrmrma in Poat iDduBtrUtl Socia- 
ty (Oryx Prmm, 1977); Into tim InfonuMtkm Agm A P^npacdv 
(or Fadtnl ActJoa on Infonnstioa (Chicago: AnMrican Ubrary 
Aj»d»tkm, 1978); Rob«l Taylor. "Prolbwmal Education and 
tha Infarmation EnvironmMt," UbnryJavmMl Sapt 15. 1979. 
pp. 1871 18^5. 

^'•EaUbrook, op. di.\ Taylor, op, dt 

•Elactronic tachnotofiM m alraady baginninf to raahapa tha 
traditional library aa aoftwara bacomaa commardally available 
for carrying out ovarall library oparationa. 



'^Into the InfommtioD Aga, op. dt. 

•Compating with Ubrariia in tha informaUon markat ara a 
icrowing numbar of profit-making inaUtuUona that, taking ad- 
vantM of the new informaUon tachnok)giaa. provide a broad 
rangeof in/ormaUon aervicea for a fee, Daacribing themaelvaa 
aaSformaUon broken or aa informrtion apaaaliaU. thay pro^ 
vide iuch aervicea aa aupplying bibUographiea and documanU. 
and. in aome caaae. conducting aubatantial raaeanOL 1^ 011^ 
nizaUona bill their dianU at about $100 per hour, the amall«- 
onee at about $25 to $36 per hdur. The buaineaa of providing 
informaUon ia a thriving one. and one that ia predicted to dou- 
• ble in volume over the next lO^yeara. 




At tha Tradlffrin Public Library. Tradlffrfn. Pa., tha public p«yt 
for •ccesa to tha computer 
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computer literacy amongniral children.***' If 
public libraries are to expand their educational 
programs in this way, they may need some ad- 
ditional support. Given the recent poor sup- 
port for libraries, the economic situation in 
many communities, and the limited awareness 
.of the potential use and value of the new tech- 
nologies, libraries may find it impossible to 
raise the initial capital needed to undertake 
new programs of this sort. 

Whether because they lack funds or because 
th6y lack Initiative, some libraries will not 
utilize the new technologies at all. Using^ in- 

*The new U^rl^hoAogiM will, moreover, allow libruies to serve 
better m centers of informatian. The Loe Angelee County Public 
Library, for instance, now uses cable to provide information 
services in over 100 libraries to the 2.6 million residents of Loe 
Angsiss County These services are designsd for both the tradi- 
tional library user and ths nonussr. including the nonreader. 
As part of this program, librarians continually learn how to 
asesss the informational cultural and rscrsational nssda of their 
communiti^, and the best methods for handling, retrieving, 
storing, and disseminating information <Los Angeles County 
Public Library Draft Cable TV Policy Sutement). 

"^Anne F. Romans and Stanley A. Ransom, An Apple a Day: 
Microcomputers in the Public Libriuy," American Librmriea, 
December 1980. 



house information and traditiblial means of 
delivery, they will continue to provide free 
educational, recreational, and cultural services 
in local library buildings to those djtizens who 
value them. If libraries follow this, path, 
however, they may become less and less rele- 
vant to a public that increasingly values infor- 
mation and is computer-literate. As on-line in- 
formation takes the place of books, these li- 
braries will have less that is of interest to the 
public. It is conceivable, moreover, that as the 
proprietors of nonprint media are paid fees for 
the use of their materials, the authors of books 
housed in public libraries may seek greater 
compensation for the use of theirs.**" With 
diminshed public support and a shrinking cli- 
entele, these libraries may b^ unable to gen- 
erate the economic resources necessary to 
maintain even their traditional services. 



*This program has been quite successful in meeting its goal. 
Attracted to the computer, more and more children are becom- 
ing regular library visitors. Adults^ use the computer on off- 
hours to try out their own pro^anuTor to d^lop software for 
business use. 

'"B. Benderly, ''Libraries Do Exploit Authors," Letters to 
the Editor, The WaahingtCD.Post, June 26. 1982. p. 16. 



Museums 



The museum is an institution that houses 
a collection of objects of cultural and scientific 
significance. The museum documents, orders, 
and preserves these objects for others to ex- 
amine. It often helps to interpret and to ^ex- 
plain them and to provide a context in which 
they may be best understood and enjoyed. 

Museums in their current form are only 
about 200 years old. They were established for 
a variety of purposes: members of royal and 
aristocratic families built them to house their 
treasures; religious orders establlBh^dUijem to 
enhance their places of worship; govemmetM^ 
used them to cultivate national sentiments; 
scholars and artists established them to foster 
research and to publicise their achievements; 
manufacturers and industrialists used them 
to publicly display their wares; and wealthy 



individuals built museums as memorials to 
themselves.*'" 

Museun^ Ediication 

Although education has never been their pri*^ 
mary function, all museums possess valuable 
^educational resources. The objects from muse- 
um coUections can be used not only as self-con- 
tained exhibits, but also as illustrations for 
cour£(iBS, lectures, and other educational pur- 
^ses. Designed to be relevant to a diverse lay 
public, museum education is relatively un- 

*En|^h suthors are coippenssted. for example, in accordance 
with how often their books are borrowed from public libraries. 
Since the money to pay the anthora comes from the govern* 
mont, the books are freely available to t^h» public. 

"*United Nations Educational, Scientific and Cultural 
Organization, ^he Organization qf^MuseumX, Paris, 1960. 
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Structured. Visitors can come and go at will, 
drawing whatevo* they please from the experi- 
ence. The exhibits they view are not always 
ordered in a typical pedagogical fashion; that 
is, sequentially and according to a lesson plan. 
More often,^ thdir arrangement is designed to 
enhance a particular display 

Museum education is also more activ^ than 
the passive education that takes place in a 
classroom. It facilitates individual participa- 
tion, interaction, and response.*" Museum vis- 
itors are, for example, often encouraged to in- 
teract with museum guides, to make drawings 
of art objects, to feel the texture of materials, i 
and to pull the levers on machines/" In its 
varied purposes, its lack of educational struc- 
ture, and its openness to the public, the 
museum is similar to the library] In fact, 
together they have been described as con- 
stituting the two halves of the public's 
memory. But museum education, while similar 
in purpose, is different in method. It is more 
sensory, using experience itself as a pedagog- 
ical tool. In comparing the two it has been 
said, for example, that whereas the museum 
represents the right half of the educational 
hemisphere, the library represents the left.*" 

In the United States, museums have always 
- been conceived of as having an important ed- 
ucational function. Education was considered 
to be so important, in fact, that in some 
museums educational programs were set up 
even before buildings were built or before col- 
lections were assembled. Many tpuseums were 
expected to provide vocational training to- 
gether with more general educational serv- 
ices.**^ The Cleveland Museum, for example, 
was required by its charter to maintain an in- 
dustrial training school.*" Several other 



-Muswuzw uid EducMtion, Eric Larrabee W ) (Waahington. 
D C.: Smithaonian Institution Preaa. 1968). 
"'Ibid. 

'"Barbara Nawaon, "The Musaum a» Educator and tha 
EducaUon of Teachara," Ttmchm Colhge Rscord February 
197$; vol. 79. No, 3. 

•"fbid. 

'•*Ibid. 

»»Birbara Nawaon and Adala Silver ieds.K Ths Art Museum 
MB EducMtoT (Berkalay, CaUf.! The Council on Muaauma and 
Educf Uon in the Visual Arts, University of CaUfomia Presa). 
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museums began conducting vocational coun- 
seling and training during the depression 
years. Today. American museums have sub- 
stantially increased their educational offerings 
to the public. 

Status of Museuma^ 

There are approximately 1,821 museums in 
the United States^ Of these, 62 percent are 
organized around aVhistorical tlieme, 34 per- 
cent around an art theme, and 34 percent 
around a science theme. A large majority offer 
some educational programs. The most com- 
mon programs involve school children and are 
jointly sponsored by museums and State and 
local educational departments.^** Progrartis 
directed at elementary and secondary schools, 
often entail museum visits designed to ac- 
quaint children with a museum's resources. 
Some museums also provide classes for in- 
dividual students at this age level. For junior 
and senior high school students, there are 
classes in special subject areas. Museum pro- 
grams for university students and post- 
graduates are least well developed.^*' 

Museums also provide educational services 
aimed at other members of the community. 
These programs include adiilt educational pro- 
grams and some special programs designed to 
meet the unique educational needs of par- 
ticular groups such as the economically disad- 
vantaged or the blind. ^ 

The ability of museums to provide educa- 
tional services is circumscribed by the limited 
resources available to them. Most museums 
are small, operating with budgets of less than 
$60,000. Only 10 percent have operating 
budgets of $1 million or more. Museum re- 
sources are, moreover, relatively insecure. For 
example, two thirds of all museums in the 
United States rely oh private sdurces for finan- 
cial support, and more than half provide ad- 
missions free. Museum/s must also rely heavi- 

• As defined by the National Council for the Endowment for 
the ArU in thalr study. MUSEUMS USA 1974. 

••'Miweuma USA, NaUonal Endojurment for the Arts, Waah- 
ington, D.C . 1974. 
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ly on voiunt^a^, who outnumber the fuU-tirniT 
and paHrtime professionals working in muse- 
ums/*^ 

Because much of their distinction and njf- 
peal derives from their ability to communicate 
in a sensory, unstructured fashion, museiuns 
may be particularly vulnerable to competition 
from the new information technologies that . 
will have a similar appeal. On the other hand, 



by their very nature, they may be particular- 
ly well-suited to acquaint the public with theee 
technologies. Some musunfo are, in fapt, al- 
ready offering the public first hand ezperienpe 
with microcomputei^ and video disks. The ex- 
t4^ to which museums will be able to continue ^ 
to provide this service Will depend not only on 
Ihe amount of resources that they have at 
their disposal. It -^wiU also depend on the 
reidiness of both museum leaders and the pub- 
lic to view museums as relevant and dynamic 
institutions. 





In th« Capftol Chlfdr«n*s MuMum. Washington^ D.C.. children tr* provtcl»(Awtth th«lr fimt contact with tha d^i^putar. Thaiy 
taka thalf first stapft tantatfvaly buf toon find that tha computar Itsatf Is an Intaractlva taachar, rawardlng tham. Immadlataly 

> for tha right movas 



Business and Labor 



Aavanced training and education are assum- 
ing special roles in the lives of Am^cans 
employed in all sectors of the economy, but 
especially among those who work in business 
and industry. Continuing breakthroughs in 
technology and their subsequent applications 
in the workplace change the working lives of 
professional employees, skilled craftspeople, 
semi-skilled workers, and office support per* 

A. Browuv ChMrictmiMtiCM of laduatryBmmd uid 
l^bof^B^mdTtwJDkigBDdEikieMtkm Pto^tMnm, Inckidkig (Jmf 
of Informmtkm TwchoQlo^ in Such Pro^mmB: An OverviBw 
(Washington. D C: QTA. 198 U: snd Bath A. Brt)wn. CAsrso 
tm^ticM of InduMUy-Bamd TYmining and Eduat^ Ptogruna, 
Inckidmg Uma of Inkwmatkm Tachnohgy: Sakctad Cmaa Stud 
iaa (Washington: D C: OTA. 1961). 



sonnel. Such change may take the form of 
slightly modified practices and procedures or^ 
even of entirely new job functions for whith 
individuals must be retrained. Thi^jiroclkia 
now occiu's as often in older industries such' 
as steel, rubber, and auto, aii it does in the 
newer high-technology firms, even if the de- 
gree of change and the reasons for it differ 
significantly. 

Both groups are faced with the need to con- 
stantly reexamine methods and processes in 
order to improve efficiency and remain com- 
petitive in the marketplace. This reevalUation 
is especially necessary when the markete are 
intematibnal in scope andtwhen competition 
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must take into account many variables such 
as wage levels, government subsidies to busi- 
ness and export levels. The day is fast ap- 
proaching when career-related training and 
education at all occupational levels will be a 
lifelong process and possibly a mandatory one. 

. itole of Education in 
the Workplace 

Even in periods when there are no major 
changes, work force expansion and employee 
turnover require that training and education 
programs be provided by companies for new 
personnel. In addition, current staff must be 
provided with opportunities to upgrade their 
skiDs and to acquire new ones if they are to 
be effective in the jobs or to prepare them- 
selves for advancement opportimities. Com- 
panies sometimes also provide special pro- 
gram^ for employees wishing to make major 
career changes. Whatever events or policies 
make it necessary, more and more corporate 
resources are bedng earmarked for instruc- 
tional activities. 

The delivery of educational services to 
employees in business and industry is ap- 
complished in a nimiber of ways. A large por- 
tion of it is provided through established 
public and private, nonprofit and for-profit 
educational institutions, either by contract or 
in the form of cooperatively designed and ad- 
ministered programs. But an equally large por- 
tion is being sponsored, designed, and oper- 
ated by companies themselves. Labor unions 
and labor organizations also are heavily in- 
volved in work-related training and education, 
both as cosponsors and as initiators. 

Some say that the movement of industry 
and labor into Ihe educational arena reflects 
their dissatisfaction with existing educational 
structures and is a comment on educators* 
lack* of responsiveness to the needs of in- 
dividuals for some degree of work preparation 
prior to employment. Others feel that tradi- 
tional educational institutions cannot be ex- 
pected to keep up with rapid changes in equip- 
ment and procedvu-es. Still others argue that 



the sheer size of the task of necessary train- 
ing, retraining, and professional development 
has demanded that industry and labor become 
more deeply involved, and that a little healthy 
competition among a broader base.pf alter- 
native education providers can do nothing but 
improve the quality of education overall. How- 
ever one views the situation, all the signs point 
to increased involvement of industry and labor 
in training and education. 

Industry-Based Training 
and Education 

Growth in industry-based training and ed- 
ucation has been particularly pronounced once 
the end of World War II, although most totger 
firms have been engaged in some f ormsi)f in- 
struction since their founding. While n(o one 
actually knows how many employees jmrtid- 
pate in instructional programs each year, some 
measures of the degree and scope of activities 
are available. The American Society for Train- 
ing and Development ( ASTD) estimates that 
corporations spend $30 billion annually for 
programs, staffs and materials. ASTD has also 
calculated that in the United States there are 
at least 75,000 individuals engaged full-time 
i^-house training and development activities, 
plus another 75,000 who are employed on a 
part-time basis. Approximately two-thirds of 
ASTD's 40,000 members are employed in the 
private sector, either as training consultants, 
as staff members within cwporate training de- 
partments, or as managers, directors, or vice 
presidents of those departments. 

A Conference Board survey of industry ed- 
ucation conducted in 1974 indicated that 75 
percent of the 610 companies responding pro- 
vided some in-house coiu-ses for employees; 89 
percent had tuition refund programs; and 74 
percent authorized and paid for selected 
employees, usually managers and other pro- 
fessionals, to take outside courses during 
working hours. The Conference Board esti- 
mates, moreover, that, among the 32 million 
individuals employed by companies that re- 
sponded to the survey and that had staffs of 
500 employees or more, about 3.7 million— or 
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' 11 percent— took part in in-house courses 
sponsored by their firms during working 
hours, and approximately 700,000, or another 
2 percent, participated in company courses 
delivered during nonworking hours. Exempt 
employees were more frequent enrollees than 
those m the nonexempt category. Only those 
firms that had 1,000 employees or fewer ap- 
peared to place greater reliance on hiring pre- 
trained personnel or to utilize on-the-job 
training.^*® 

Broad estimates of worker participation are 
probably lower than the estimates that might 
be found today, especially given the present 
trend within U.S. factories towards installing 
computer-assisted design and computer as- 
sisted manufacturing systems (CAD/CANI), 
and th^ retraining requirements that accom- 
paqy their use. In a study comparing the ef- 
fects of technological change on the need for 
human resources in the chemical and allied 
jiroducts industries in the United Kingdom, 
Japaru and the United States, it was predicted 
that major U.S. companies, in oirder to meet 
their need for retrained production workers, 
would be compelled within the next 5 years to 
set up special training schools to provide 
^'craftsmen'' level instruction to their process 
oi^rators.*^^ 

In addition to these changes, one can also 
expect that the increased use of robots and 
other forms of computer-assisted production 
may result in widespread restructuring of es- 
tablished occupational groups. This may, V 
turn, create a need for more job-related in- 
structional programs. 

Today's corporate training programs cover 
almost all aspects of company operations, not 
just manufacturing. Typically, instructioniQ 
offerings address the following skills and cor- 
porate program areas: 

• manufacturing and technical; 

• specialized skills development; 

'^Seymour Luitermim,, EducMtion in Industry (New York: 
The Conference Board. 1977). 

'*'FVank Bradbury and John Russell, Thchnohgy Change snd 
Its Msnpower Implicatioos: A Compantive Study of the Ctan- 
icsland Allied Products Industry intbeU.K, U.S., and Japan, 
Chemical and Allied Products Industry Training Board. 1960. 



• sales and marketing; 

• safety; 

• data processing; 

• management and executive development; 

• clerical and secretarial; 

• basic education (remedial programs in 
math and oral and Mrritten communica- 
tionis for hourly as well as salaried em- 
ployees); 

• tuition assistance (now considered by 
most companies to be part of the instruc- 
tional program, rather than just an ele- 
ment of the corporate benefits package); 

• trainer's training (which is offered in firms 
with many smaS or broadly scattered in- 
stallations where, supervisors and others 
must assume reaponsibility for adminis- 
tering training packages or managing 
some form of instructional program); and 

• retraining. 

Trend Toward^ Decentralized 
y Instruction 

The size of the work force, the numbers of 
persona4;o be trained, die existence of multi- 
ple facilities, and the complexity of instruc- 
tional needs have all led to the decentraliza- 
tion of corporate training operations. While 
some firm$ maintain control of training de- 
sign, development, and delivery functions at 
the Corporate level, others handle some or all 
instructional responsibilities at the divisional 
or plant level. In these situations, the role of 
the corporate-level training group is usually 
one of encoiu'aging the sharing of information 
among all personnel involved in the develop- 
ment of human resources: Industrial training 
activities tend to be based in the personnel, 
industrial relations, or engineering depart- 
ments. Sometimes three or more departments 
share the responsibility for instructional de- 
velopment, focusing on one or more of the fol- 
lowing staff groups: 

• production line (unskilled and semi- 
skilled); 

• skilled trades; 

•^jtechnical (usually engineering, data proc- 
essing, and R&D); 

^'6 



7 



102 • Informational Technology and Its Impact on American Education 



• management; 

• supervisory (first-line); and 

• professional (specialists who are not tech- 
nical staff and who may not supervise or 
manage operations). 

Training: Investment v. 
Expense . 

In companies that have a staff of over 500, 
size does not appear to be important in deter- 
mining perceptions about employee education. 
If training is viewed as an investment that has 
a long-term payoff, even firms that have ex- 
perienced economic difficulties may be willing 
to provide adequate financial support for in- 
structional programs. Some corporate train- 
ing groups, when they have the support of top 
management, are able to obtain the resources 
necessary to expand into new instructional 
areas and to use the latest equipment. Man- 
agement has recognized a direct correlation 
between training, reduced turnover, and 
higher productivity. In some companies, how- 
ever, treuning personnel have smaU budgets. 
They have to prepare in-depth justifications 
for refunding even at cxirrent levels of expend- 
itures, and to prepare elaborate docimientation 
for proposals to expand instructional activities 
and to utilize new equipment. 

Relationship With Local 
Educational Institutions and 
Industry-Sponsored 
Educational Institutions 

One-third of the 50 companies that OTA 
contacted in the course of this study, have 
established some sort of working relationship 
' with high schools, vocational/technical 
schools, and colleges and universities in order 
to train or educate employees. 

Companies and educational institutions 
jointly develop and administer programs, for 
which the firms provide ongoing financial sup- 
port and donations of eqjiipment. One com- 
pany works with 10 local vocationaiy technical 
schools and community colleges to deliver 

s 



entry-level, production-line training on an as- 
needed basis. Another firm has established its 
own in-house associate degree program, with 
assistance from several local colleges. In yet 
another case, a corporation has been the major 
force behind the establishment of an independ- 
ent, degree-granting institute that offers grad- 
uate-level instruction in software engineering 
to personnel of high-technology firms in the 
New England region, as well as to other inter- 
ested individuals in the United States and 
abroad. 

It has been suggested that such corporate- 
founded institutions compete with, and will 
thus detract from, established college and 
university programs. Predictions have been 
made, for example, that as many as 300 col- 
leges may close their doors during the 1980's 
due to declining numbers of high school grad- 
uates, at a time when 300 company-sponsored 
institutions of higher learning will begin op- 
erations.^" However, companies do not see 
themselves as being in direct competition with 
traditional institutions of higher education. 
They maintain that they have established 
their programs to meet needs that the tradi- 
tional education community never addressed; 
that their needs are so specialized that they 
must be met in-house; and that traditional in- 
stitutions do not have the capacity, either in 
terins of resources or in terms of scheduling 
flexibility, to provide for their needs. 

Information Technology in 
Corporate Instruction 

Communications technology is being ap- 
plied to a limited extentiln the instructional 
programs of both centralized and decentral- 
ized corporate training operations. However, 
the trend toward the decentralization of train- 
ing in larger firms has increased the potential 
for more widespread use. First of all, while the 
front-end development time may be increased, 
the use of technology allows more standardiza- 
tion in" instructor-dependent designs than 

•*"Henry M. Brickell and Carol B. Aclanian. "The Collegea 
and Buainesa Competition/* ^eir York Times Survey of Con- -» 
tinning Education, Aug. 30, 1981. 




CG^uld otherwise be achieved, especially in 
cades invol^g the direct transfer of large 
amounts of jmowledge. Second, while the cost 
of development and the expenditures for 
equipment are greater, the low costs of repro- 
ducing the instructional package for distribu- 
tion to the field offices or plants, or of the com- 
pute time necessary for field staff to access 
a centralized instructional system, makes the 
utilization of the technology an attractive 
option. 

Third, especially in the case of self-instruc- 
tion packages, there is greater flexibility in the 
scheduling of training sessions and more op- 
portunities for employees to participate, re- 
gardless of the natiu*e or location of their work 
site. Also, travel cost for employees attending 
centralized instructional programs are elimi- 
nated, and greater integration of instructional 
programs with actual worksite operations be- 
comes possible. 

One company has developed an instructional 
package for production-line equipment main- 
tenance personnel that is run on a microcom- 
puter integrated with a video disk unit that 
allows for both graphics and text display. The 
package is used in classroom instruction ses- 
sions, but several units have been installed on 
the production line, where the maintenance 
and repair staff are assisted on an ongoing 
basis. Finally, in both centralized and decen- 
tralized instructional settings, tecihnology- 
based training modules or programs, (particu- 
larly those that are computer-assisted) may be 
used to bring course participtrnts to a desired 
level of competency or to determine initial 
competence levels for designing classroom 
instruction. 

^ Factors That May Affect 
Instructional Use of 
Technology. 

While communications technology has 
achieved acceptance within industry-based in- 
structional programs over the past few years, 
there are still a nimiber of obstacles to be over- 
come before more widespread utilization will 
be achieved. Cost is most frequently cited as 
a major deterrent, particularly for computer- 

ERIC 
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based instructional systems and newer forms 
of technology such as video disk, teleconfer- 
encing, and closed-circuit television. 

Another problem area is that of hardware- 
software compatibility, especially for cor- 
porate trainers who want to purchase ipommer- 
cial courseware but who have ^-hotjie com- 
puter capabilities on which they want to bmld. 
Many companies have made the decision to 
develop th^ own instructional packages 
rather than invest in a new system of hard- 
ware on which conamercially available course- 
ware would run. The frequency with which in- 
structional programs must be modified— as, 
for example, in R&D-related training— may 
make the use of computer-based programs and 
video disk impractical. 

Even the type of insthtctiarfitself may pre- 
clude the use of technolo©^r or example, com- 
puter-assisted instruction has, to date, been 
found to be of little value in advanced engi- 
neering and software development courses, as 
well as in apprenticeship skills training. This 
is due to the complexitj^ of the information 
that must be conveyed and, in the case of ap- 
prenticeship, to the need for repeated demon-^ 
stration by a knowledgeable instructor who 
can respond to a trainee's questions and who 
can demonstrate on actual equipment. Many 
corporate trainers still feel that classroom in- 
struction is the best approach. Others resist 
the use of technology in their programs be- 
cause they feel that they are often being sold 
technology for technology's sake, rather than 
as a tool to be utilized within the framework 
of an existing instructional system. 

Computer-Based Instruction 

Computer-assisted instruction (CAI) ap- 
pears to be a conmionly utilized technology for 
industrial training. A rpcent survey of the uses 
of microcomputers in the training programs 
of selected Fortune 500 companies revealed ' 
that, of the 56 firms respondiqg, about 50 per- 
cent were utilizing either mainframes or mi- 
crocomputers.**' In companies contacted by 

'*H}ng Kearaley. MidiMl J. Hillaaohn. and Robert J. Seidel. 
The Um of Micwcomputm for TYmixiing: Buaineaa mnd Induttry 
(Alexandria, Va.: Human R«8ourc«a Research Organkation. 
March 1981). 

1 u ^ ^ 
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OTA for this study, technical personnel such 
as entry-level engineers, field service repre- 
sentatives for computerized equipment, devel- 
opment programers, and applications pro- 
gramers are frequently trained using CAI 
packages. 

Some companies develop their own CAI 
software; others purchase commercial pack- 
ages. The airline industry makes extensive use 
of this mode of instruction for ground f)erson- 
nel. Some particularly interesting applications 
may be seen in pilot training, where CAI is 
used in combination with video disk to replace 
more expensive flight simulators. The insur- 
ance industry is beginning to utilize CAI 
courses with selected field office staff, such as 
th^ claima representatives and premium aud- 
itors. Occupational groups most infrequently 
mentioned as potential traihees are adminis- 
trative/secretarial personnel arid production- 
line staff. 

Computer-managed instruction (CM I), un- 
like CAl, is rarely found in the industrial set- 
ting, although there are cases where it is used 
in airline and insurance companies. Corporate 
training personnel may not yet appreciate the 
possible advantages of CM I; they may feel 
that functions are best handled by instruc- 
tional staff; or they may view CM I as being 
too costly an application. 

Video Disk 

The most controversial form of technology j 
for use in corporate training is video disk. 
Many firms have investigated its potential ap- 
plication, but few seem to be utilizing it at 
present. One automobile manufacturer has de- 
veloped a video disk program to train auto 
dealer mechanics on how to repair the new car 
models. A computer hardware and software 
company uses video disk in training its 
customer service engineering staff.' It has 
recently converted all of the instructional pro- 
grams used in its 60 fi^eld centers for customer 
and staff education from video tape to video 
disk. 



Most corporate training representatives 
who are enthusiastic about video disk mention 
its random access capability and its ability to 
expand its utility through integration with a 
microcomputer. However, many instructors 
do not believe that the differences between 
video disk and video tape warrant the addi- 
tional investment, especially if video tape 
equipment has recently been purchased. Other 
concerns have to do with the cost of video disk 
equipment, the cost of producing master disks 
relative to the number of copies required, and 
the inability of revising a video disk program 
once it has been created. It appears that it wiU 
be several more years before many industrial 
training applications of video cQsk will be 
realized. 

Teleconferencing 

At present, teleconferencing is of limited use 
in industry-based training and education pro- 
grams. Industry representatives feel, for the 
most part, that costs are still too high to make 
applications feasible unless thetechnology has 
been acquired for other uses, such as business 
meetings, and is accessible at a subsidized 
rate. One firm, experimenting with audio tele- 
conferencing to link an instructor with a group 
of trainees assembled several hundred miles 
away, found that the lack of visual stimuli 
distracted many of the participants who, in 
this case, were midlevel managers. ^ 

Another company, engaged in hotel, motel, 
and food service Of>erations, uses a full tele- 
conferencing system, initially established 
among 70 of its facilities for convention 
clientele, for in-house quarterly business per- 
formance conferences: Some firms have ten- 
tative plans to experiment over the next few 
years with teleconferencing in field staff train- 
ing. ^ 

Satellite CommunicationB 

Applications of satellite technology within 
corporate training and education programs are 
rare, but many companies with extensive na- 
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tional or internaticmal field office networks 
place it high on their lists for future use. once 
costs come dowti and they are more certain 
about how i^4::an be more effectively used. The 
technical instruction group of one major high- 
technology firm is now looking into how sat- 
ellite technology might be used to beam 
classes that originate at the corporate engi- 
neering and development installations around 
the world. 

0 

Another high-technology corporation, hav- 
ing looked into the use of satellite communica- 
tions for initial and repeated instruction of 
marketing personnel based in various parts of 
the world, decided against pursuing the proj- 
ect because of the cost and the uncertainties 
involved in securing information transmitted 
in this way. 

Implications 

There is considerable potential for the more 
widespread application of communications 
technology in instructional programs within 
business and industry. Training requirements 
will increase tremendously through the year 
2000 and beyond, and there are sufficient fi- 
nancial resources to invest in equipment and 
courseware. However, the presence of com- 
puters and other equipment iitthe plant does 
not necessarily guarantee that educational and 
instructional applications of the technology 
will be made. Neither the level of sophistica- 
tion of the training system nor the degree of 
corporate supi>ort for employee education en- 
sure that the technology will be used. Those 
who are employing the computer, the video 
disk, and other forms of technology in their 
instructional programs seem to have taken 
their owninitiative to find out how these tools 
might be most effectively applied. 

The educational technology industry has not 
yet developed a comprehensive sales strategy ^ 
to use with the corporate market. A number 
of training administrators who have contacted 
sales representatives reportedly felt that they 
were being sold technology for technology'^ 
sake rather than as an instructional tool. If 



broader and deeper utilizatipn of technology 
in corporal instruction is a future goal, prea* 
ent marketing strategies may have to be re- 
viewed and altered significantly. 

Union-Sponsored Training 
and Education 

Labor unions and labor organizations have 
a long history of involvement in training and 
education. The American Federation of Labor 
(AFL) began to provide such services to mem- 
bers in 1881. the year of its founding. In 1921. 
the AFL was instrumental in establishing a 
Worker's Education Bureau, a separate body 
that carried out programs for its affiliate 
unions. By 1929. the Bureau had become the 
formal education arm of the AFL. In 1936. 1 
year after its establishment, the Congress of 
Industrial Organizations (CIO) created an 
education department. 

When these two labor groups merged in 
1955 to form the AFL-CIO. the emphasis on 
training and education was continued. A new 
education department was formed, and even- 
tually the Human Resources Development In- 
stitute (1968) and the George Meany Center 
of Labor Studies (1968) were created to ad- 
dress the expanded needs for apprenticeship^ 
recruitment and instruction and to train union 
members to assume leadership positions with- 
in the labor movement. 

At present, the AFL-CIO has 102 affiliate 
unions which, together with a few independent 
unions, constitute the labor movement in the 
United States.*** 

Education Progframs 

The majority of the educational programs 
offered, sponsored, or otherwise supported by 
the labor movement, fall into one of three * 
. categories: 

1. College Programs: These are usually 2- 
and 4-year degree programs in labor stud- 

''Mntcrviow with Kdgar R. Czarnecki. AssisUnt Kducation 
Director. AFLrCIO, fail/winter 1981. 
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vies offered through community colleges, 
^ colleges, and universities. In some cases 
they are single for-<:redit courses jointly 
developed by unions and local postsecond- 
ary institutions around such subjects as 
collective bargaining or leadership tech- 
niques. 

2. Apprenticeship Programs: Apprentice- 
ship programs usually entail specialized 
training in a skills trade, craft, or occu- 
pation that is provided at the worksite 
and in off-the-job instruction of some 
type. Most of these programs are oper- 
ated by the unions themselves or> are 
jointly sponsored by unions and industry. 
However, a fair share are now offered by 
community colleges under contract or via 
joint ventures with unions. All 17 of the 
building trade unions offer apprenticeship 
programs, as do the maritime trade unions 
for those engaged in shipbuilding, ma- 
chining, and seafaring. 

Other unions with apprenticeship sys- 
tems include those who represent mold- 
ers, pattern makers, and upholsterers, to 
name a few. According to figures supplied 
by the Human Resources Development 
Institute, there were, at the close of 1979, 
323,866 persons enrolled in apprentice- 
ship programs. Of this number, 18.2 per- 
cent were minorities, 6.4 percent were 
female, and 23.7 percent were veterans. 
The Labor Department's Bureau of Ap- 
prenticeship and Training has set a long- 
range goal of having 500,000 registered 
apprentices by 1984. 

3. Special Programs: The largest number of 
training activities availat)le to union 

"^members are special, or noncredit, courses 
offered by the education departments of 
individual unions to representatives on 
various levels— from that of shop steward 
to local president. Collective -bargaining 
techniques, labor law, and parliamentary 
procedures are popular subjects. 

Tuition assistance programs provided by 
management under negotiated contracts with 
unions are not considered to be a part of the 
training and education programs provided by 



the labor movement. However, thousands of 
unionized workers take advantage of this ben- 
efit every year and enroll in courses, most of 
which are required by companies to be job- 
related.*^* Because of the availability of these 
benefits, a number of college programs have 
been establish^ in union halls and other 
facilities near industrial plants. Classes are of- 
fered at hours that will allow workers to at- 
tend on hourly shifts. 

Courses are offered year-round, and the ex- 
istence of weekend classes i^^imits partici- 
pants to earn bachelor's degrees in 4 years 
while they continue to work full-time.*** The 
first such program, Wayne State University's 
"Weekend Worker College" (Detroit), was de- 
veloped in conjunction with the United Auto 
Workers. The curricxilum consists of 1 year of 
humanities, 1 year of social sciences, 1 year 
of physical sciences, and a fourth year devoted 
to a major field. A 2-Vear associate de^ee is 
also offered.**^ Some 20 programs of this kind 
were expected to be under way by the end of 
1981, and the American Federation of Teach- 
ers is now trying to establish similar projects 
in six other locations.*** 

Other Types of Instructional 
Prog^rams 

Various unions have been active in pro- 
viding other training and educational services 
to their memberships and to the community 
as a whole. Unions and companies in some 
areas of the country have cosponsored train- 
ing designed to prepare individuals for ad- 
vancement from entry-level positions or what 
would otherwise be considered jobs with no 
promotional opportunities. Funding, in most 
cases, has been provided by the Comprehen- 
sive Employment and Training Act (CETA) 
title II and title III grants, although some pro- 

''•Interview with John Curney, Kducation Director. United 
Stoelworkern of America, fall/wintc/' 1981 

'••Interview with Jane McDonald and John (iood, Fiiunan Ro- 
■ources Dcveidpment Institute (AFIyCIO), fall/winter 1981. 

••'"Worker V: More Colle«e8 Offer Programs for Blue Collar 
p:mployoefl/' WmU Strvot JouitimL May 12, 1981. p. 1. 

'-Interview with Kdgar R. Czamocki, fall/winter 1981. 
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grams have been privately funded by labor, 
by industry, or jointly by labor and industry. 

Where other jobs are available within a 
reasonable geographic range, unions have also 
engaged ^in the retraining of members who 
have lost their jobs due to plant closings and 
site relocations. The "Mass Layoff Job Search 
Club" was formed in Midland, Pa., to provide 
such assistance to 300 former Crucible Steel 
workers whose jobs were eliminated. The pro- 
gram is jointly sponsored by the United Steel- 
workers local and Crucible Steel. In St. Louis, 
Mo., a joint labor-management conunittee has 
been formed through which local unions, busi- 
nesses, educational institutions, and com- 
munity-based organizations are working 
together to identify ways of dealing with the 
large numbers of displaced workers in the area. 
On the campuses of local community colleges, 
career readjustment and-reemployment cen- 
ters have been set up to handle the needs of 
an expected 1,000 participants.*** 

For several years, the AFL-CIO's Human 
Resources Development Institute has oper- 
ated a nationwide apprentice outreach pro- 
gram for minorities and women to recruit and 
prepare them for available apprenticeship 
slots. Many AFLrCIO affiliates and independ- 
ent unions conduct preapprenticeship training 
sessions and basic education programs for 
young people who wish to improve their read- 
ing, math, and other skills so that they might 
qualify for participatioft in apprenticeship pro- 
grams. Career education and vocational ex- 
ploration programs sponsored by local school 
systems and others also receive substantial 
support from labor unions and labor organi- 
zations.**® 

Information Technology in 
Union-S^^nsored Instruction 

There is no evidence in the literature or in 
the interviews conducted by OTA with labor 
education directors to suggest that unions are 



♦••Interview with Jano McDonald and John Good, fall/winter 
1981 
"•Ibid. 
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taking great advantage of information tech- 
nologies. These technologies may be con- 
sidered inappropriate to the apprenticeship 
system. The. importance of the individual in- 
structor, the duration of the apprenticeship 
period, lasting usually 4 years, and the unique 
funds of information that must be conveyed, 
such as local building codes which differ h'om 
area to area, tend to discourage the use of tech- 
nology such as computer-assisted instruction^ 

In the college programs and special pro- 
grams, there is also little use of information 
technology. One reason for their infrequent use 
is that the lecture method has generally been 
considered to be successful in labor education 
programs. Films, slides, and video cassettes 
were most often used by those who were in- 
terviewed. The United Steelworkers of Amer- 
ica, for example, uses video tapes and cas- 
settes in mock arbitration exercises at the 
union's Linden Hall Residential Training Cen- 
ter, but they use no other form of technology. 
The cost of computer-based learning systems 
was cited as a deterrent to their use J** 

A national AFLrCIO training representative 
stated that most member unions were just be- 
ginning to use video cassetted in arbitration 
simulations and for circulating messages of 
their presidents to State and local chapters. 
He also described a model communications 
project, "To Educate the People Consortium," 
which was staged by Wayne University qs a 
part of its local instructional program. To 
stimulate interest in using the medium as an 
educational device, union representatives ill 
100 cities across the country were connected 
by a network via two-way, closed-circuit televi- 
sion. The demonstration was so successful 
that another model broadcast, ''Safety and 
Health for Women," is now being planned.*" 

A Texas State AFL-CIO representative re- 
ported that video cassettes were used in educa- 
tion programs, but he indicated that none of 
the other newer forms of technology were 
being used because they were inappropriate 
for the kinds of programs offereid— mostly 



'••Interview with John Carney, (all/winter 1981. 
'"Interview with Edgar R. Czamecki, fail/winter 1981. 
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workshops— and because they were too cost- 
ly.*" A Dallas AFL-CIO representative could 
identify no applications of technology. He 
regards classroom training with lectures as the 
most popular format. However, he hopes to 
use cable television once it becomes available 
in the Dallas area as a way of more effective- 
ly reaching the membership (1985).**' The 
United Rubber Workers do not use educa- 
tional technology either, and they have not 
thought about it for the future.*" 

The International Brotherhood of Electrical 
Workers (IBEW) employs computer systems 
to track apprentices in training. It has 
established some joint information systems 
with the Department of Labor's Bureau of Ap- 
prenticeship Training. In addition, an IBEW 
representative reported that video disks are 



•"Interview with Ruth EUlngcr, Education Director. Texas 
SUt« AFI>-CIO. fall/winter 1981. 

•-Interview with Willie Chapman, AFLrCIO. Dallas. Tex., fall/ 
winter 1981. 

'"Interview with James Peake. Education Director, United 
Rubber. Cork. I^oleum and Plastic Workers, (all/winter 1981. 



used in labor education seminars. Unions that 
are using video cassettes in training packages 
include the United Carpenters and Joiners of 
America and the American Postal Workers.*** 

In contrast to industry-based instructional 
activities, there seems to be less potential for 
applications of information technology in 
union-sponsored training and education pro- 
grams, primarily because such programs are 
still highly instructor-centered and classroom- 
oriented. However, the success of closed-cir- 
cuit television experiments initiated by the 
labor movement suggests that this form of 
technology might achieve more acceptance 
and be utilized for national and regional educa- 
tional sessions in the future. Perhaps union 
association with coUeges and universities that 
utilize educational technology in labor educa- 
tion courses and degree programs may result 
in more widespread application in union-spon- 
sored training and education activities. 



"•Interview with Kenneth Edwards. Director, Skill Improve- 
ment Training. International Brotherhood of Electrical Work- 
ers, fall/winter 1981. 
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Chapter 7 



State of Research and Development 

in Educational Technology 



Support of basic research and development (R&D) in most fielda of technol- 
ogy has traditionally been k function of the Federal Government. The Govern- 
ment has also funded applied research when its purpose was to advance certain 
national goals or to serve the mission needs of Federal agencies. R&D not only 
generates important new knowledge about educational technology, but, when done 
in academic centers, it can also provide an instructional base with which to train 
experts needed to create effective instructional materials. 



Findings 



Gaps in our knowledge about information 
technology could limit our ability to use it 
effectively, and, if leading to its inappropri- 
ate implementation, could negatively affect 
both the learners and the institutions using 
the technology. 

The Department of Defense (DOD) now pro- 
vides the bulk of R&D support in the field 
of learning technology. 

Civilian agency funding for R&D in learn- 
ing technology, the majority of which comes 
from the Department of Education, has 
fallen precipitously from a temporary short- 
term peak in the late 1960's. 

If Congress wanted to stimulate effective 
educat^nal applications of information 
technology, it would have to undertake or 
foster a substantial program for R&D. The 
Secretary of Education has stated that a 
program of research support is a major ad- 



ministrative priority, and that such a pro- 
gram has been built into the 1983 budget 
request. 

• Given the number of agencies that have an 
existing or potential interest in R&D in this 
area, the Federal Government may want to 
coordinate these efforts so as to allow for 
a greater exchange of information and a 
more efficient and effective allocation of 
responsibilities. The responsibility for such 
coordination could be vested in a single 
agency, or existing interagency group, or an 
agency especially established for that pur- 
pose. 

• Inlightof the tight Federal budget and the 
potential interest of the private sector in 
educational technology, mechanisms for 
leveraging Federal support to stimulate in- 
dustry and foundation funding for R&D 
might be investigated. 



\ 

Introduction and Background 



Since the 1960's, R&D in educational tech- 
nology has beeh funded by the Federal Gov- 
ernment, by foundations, by the business com- 
munity, and, in some tases, by all three in col- 
laboration with one another. To date, the role 



of the Federal Government has been to pro- 
vide initial and limited ongoing support that 
might serve to attract other sources of fund- 
ing. The Federal agencies most deeply in- 
volved have been the National Science Foun- 
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dation (NSF), the Department of Educatfon 
(OE) (formerly a part of the Department of 
Health, Education, and Welfare), and DOD. 

Acting on a legislative mandate to foster 
computing in science education, NSF, through 
its Science and Engineering Education Direc- 
torate, has funded a variety of computer- 
assisted learning research efforts, including 
the initial development of the PLATO instruc- 
tional system at the University of Illinois in 
1959.' Grants have been made to provide ini- 
tial and ongoing support of educational televi- 
sion projects such as NOVA and 3-2-1 Con- 
tact, both of which have received worldwide 
acclaim and have served as models for pro- 
grams in other nations. NSF has also funded 
efforts to determine how computer-controlled 
video disk may be used to enhance science' 
education in physics and biology. It has issued 
grants for science news coverage broadcast on 
227 public radio stations, and has sponsored 
early satellite experiments. In addition, in fis- 
cal years 1980 and 1981, NSF and the Nation- 
al Institute of Education (NIE) jointly funded 
''Mathematics Education Using Informadon 
Technology," a program that, through t\0i»e 
of small grants, has encouraged the develop- 
ment of computer software for use in mathe- 
matics curricula. 

Support of educational technology R&D 
dates back to the early 1960 s with the incep- 
tion of the Educational Broadcast Facilities 
Program, which was designed to improve the 
national capabilities of public radio and televi- 
sion. Iii fiscal year 1968, OE funding of the 
Children's Television Workshop, along with 
that of the Carnegie and Ford foundations, led 
to the creation of Sesame Street and The Elec- 
tric Company, two programs that have won 
international recognition. Computer-based in- 
structional materials on the elementary, sec- 
ondary, aniicqaegei^evela for target popula- 
tions such as the handicapped, video disks for 
classrdom use, and experiments with educa- 

'Tho National Science Foundation Act, l*ublic Law 81-607 



tional broadcasts via satellite, have all been 
undertaken with OE support. 

DOD has also made significant contribu- 
tions to the R&D of educational technologies. 
Faced (since the 1970'8) with a greater need 
to provide basic skills instruction to recruits, 
to train individuals to operate more complex 
equipment, and to deliver instruction in the 
field in multiple locations, the military has 
placed renewed emphasis on developing appli- 
cations of technology. Through the tri-services 
of the Army, the Navy/Marine Corps, and the 
Air Force, DOD has, since then, sponsored 
R&D projects in the areas of: 

• computer-based education; 

• computerized-adaptive testing; . 

• simulation and gaming; 

• video disk technology; 

• artificial intelligence; 

• instructional development/authoring aids; 
and 

• job-oriented basic skills training.' 

Other agencies that have made grants on a 
periodic basis include the National Aeronau- 
tics and Space Administration (health/educa- 
tion satellite projects in the 1970'S), the En- 
vironmental Protection Agency, the Depart- 
ment of Interibr, the National Institues of 
Health (contributions to NSF grants in sdekice 
broadcasting), and the Department of Com- 
merce (teleconuAunications projects jointly 
funded with OE). 

In recent years, the Federal Government's 
involvement in and support for educational 
hardware, software, and basic research has de- 
creased. A brief review of the current trends 
in R&D, and of the comparative roles that the 
public and private sectors have played in this 
area will contribute to an understanding of the 
causes and potenthd impact of declining Fed- 
eral support. 



•B K Waters and J H. l^urence. Information Vdchnohgy 
Truafcr From Military RAD to CivUimn Educmtion and Train- 
ing, report prepared by Human Rosourcci Research Organisa- 
tion for the Office of Technology AaBesament, January, 1982. 
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Changing R&D Climate 



Since 1980, the industrial sector has pro- 
vided more funding for all types of R&D ac- 
tivities than the Federal Government. Recent 
projections indicate that, in 1982, industrial 
funding will rise to $37.7 billion, which repre- 
J sents a« 1 L4-percent increase over 1981, and 
48.6 percent of the total $77.6 billion available 
for support of R&D. Federal funding will rise 
to $37 billion, an increase of 13.3 percent over 
1981, and 47.7 percent of the total R&D ex- 
penditure for 1982. Academic institutions are 
expected to contribute $1.7 billion (2.2 percent 
of total), while other nonprofit groups will pro- 
vide $1.1 billion (1.5 percent of total). Industry 
will perform 70.8 percent ($55 billion) of all 
R&D, while the Federal Government will carry 
out only 13 percent ($10.1 billion -a large por- 
tion of this defense-related). Academic institu- 
tions will perform 12.5 percent of all R&D 
($9.7 billion) and other nonprofit groups 3.6 
percent ($2.8 billion). Thus, although once at 
the center of basic research and R&D efforts, 
colleges and universities will now receive only 
one-fifth of the moneys earmarked for these 
activities.' 

The P]conomic Recovery Tax Act' of 1981 
may improve the universities' chances of 
receiving basic research grants from industry, 
since it allows companies to treat such grants 
as qualified research expenses on which 25 p)er- 
cent tax credits may be claimed. The act is also 
expected to encourage corporations to donate 
scientific equipment to universities for R&D 
use.* Some firms are also establishing long- 
term working relationships with universities 
for the performance of basic and applied re- 
search. These arrangements are economical to 
them because of lower labor costs. In addition, 
faced with increased international competi- 
tion, firms are more interested in tapping the 
reserves of university research talent.^ 

' »J J I)uK«. f*robMbh Uwh of RAD Kxpendiiuro^ m I9Hi* 
Fomcmst «id Anrnfy'tts ((V)luinbu». Ohio Hattcllo Laboratories. 
iWembrr 1981) 

Ml W Wood. "Flesearch and I)<^vrlopment FCtpenditurrs 
Under the Kconomic Fl4>covery Tax Act/' Tmxcx November 
1981. pp 777 783 V 

••'Iftdustry Funding of Flejiearch at SchcK)lfi (Jrown as Firmn 
Find tiSwork a Bargain. Wall Street Joumml vol 102. June 
24, 19H0. p 14 



Shifts in the source of funding of and in the 
mlijority of performers of R&D from the public 
and nonprofit sectors to the private sector 
have occxxrred after a period in which the busi- 
ness community (especially manufacturing in- 
dustries) had sharply reduced involvement in 
^ basic research and long-term R&D projects. 
As reasons for these changes, business leaders 
cite increased Government' regulation, in- 
creased rates of inflation that make return on 
long-term investments more questionable ancj^ 
an increased concern for the short-term effects 
of R&D on profits. As a consequence, many 
companies have focused their R&D efforts on 
short-term, low-risk, incremental projects.* 

Industrial R&D funding has also been tif- 
fected by the avai^bility of R&D tax shelters 
— limited partnerships formed to finance new 
product development. These provide compa- 
nies with virtually free money until their prod- 
ucts can be marketed. But these shelters are 
used only in selected parts of the country, and 
then, only in newer fifms willing to take great- 
er risks.^ 

To complicate matters further, a severe 
shortage of scientists and engineers, projected 
to last through the 1990's, has had a tremen- 
dous impact on U.S. R&D efforts in all sec- 
tors. The most alarming effects are seen in the 
faculties of colleges and universities, where, 
atfhe start of the 1980-81 academic year, ap- 
proximately 10 perceat of the teaching/re- 
search engineering positions remained vacant. 
Only 5 percent of engineering undergraduates 
now choose to pursue doctora^s in contrast 
to 11 percent in the 1970's. ThoSfe who earn 
higher degrees are electing to start careers in 
industry, where salaries are considerably high- 
er and equipment and resources are more plen- 
tiful. In a recent NSF study of engineering 
schools conducted by the American Council on 
Education, 35 percent of the respondents re- 
ported that, because of shortages in pe^on- 
nel, their institutions had to cut back research 

•K Mansfield, "How Kconomista So© FIAJ)." //arvard f^uni^ 
nrf5 llevww, November December 1981. pp OH 106 

'"K&D Tax Shelters Are Ciitching On/' Ihiti B Buaintt^ 
Month, pp M6 87 
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efforts, increase faculty teaching loads, and 
curtail certain courses when demand for engi- 
neering talent, especi^ally in high-technology 
industries is at an all-time high.* 



J. Atelaekiand L. Go^berg, Recruitment and Beten- 
thn of F\iU'TiiDe Engineering Faculty, Fall i 950 (Washington, 
• D.C.: American Council on Education, October 1981). 



The shift in sources of funding and in the 
amount of R&D performed by industry, as 
well as the critical shortages of scientists and 
engineers, have weakened the ability of the 
United States to compete in worldwide R&D 
activities, and have hampered U.S. manufac- 
turing firms from effectively competing in in- 
ternational markets.. 



Federal Funding 



Even more critical than the state of R&D 
in general is the current state of R&D for edu- 
cational technology. Analyses made in March 
19&1 of the Federal budget proposals for fiscal 
year 1982 indicate that education an^ research 
programs, which accounted for cqjproximately 
4 percent of all Federal spendine in 1980, will 
constitute 13 percent of the total spending re- 
ductions. Even with the approved fiscal year 
1982 funding levels established by Congress 
in December 1981, Feder^ expenditiutes for 
education and research in constant dollars will 
be well below actual 1980 levels. In 1982, 
spending will be about 20 percent below 1980 
levels, and, by 1984, it may fall by as much 
as 53 percent below. 

Federal support represents a significant por- 
tion—in some cases v^-to 25 percent— of funds 
that the nonprofit sector, including univer- 



sities and other educational institutions, uses 
for operations and programs. Federal support 
grew over the past 20 years,, as the Federal 
Government came to rely increasingly qpaoQ.^ 
profit organizations to deliver and/or e^u^ti 
federally funded programs. While f oimdations 
and corporations have been generous with 
funding, their contributions will probably not 
make up for reduced Federal involvement, es- 
pecially since nearly one out of every four of 
the dollars elin:iinated from t^ Federal budget 
for fiscal year 1982 would have gone to a non- 
profit organization.* 



*L. A. Salamon with A. J. Abramson, The Federal Govern- 
ment and the NonproGt Sector: Implications of the Reagan 
Budget Proposals (Washington, D.C.: The Urban Institute, May 
1981). 



Private Funding 



Foundatiohs have also played an important 
educational role by financing commissions and 
studies, fimding devebpment and demonstra- 
tion projects, organizing conf^enc^s, and sup- 
porting think-tcmks. Recently, the Sloan Foun- 
dation supported a coilference at which educa- 
tors and representatives of industry discussed 
how mathematicians .might be retrained for 
careers in applied computer science in order 
to alleviate severe occupittional shortages. The 



Carnegie Foundation has participated in joint- 
ly funded broadcasting projects produced by 
NSF. The Hewlitt Packard Foundation has ex- 
pressed an interest in supporting NSF-spon- 
sored science programs for commercial televi- 
sion. Plafis for the project may be jeopardized, 
however, because of funding reductions within 
NSF's Office of Science and Engineering Edu- 
cation (formerly the Science and Engineering 
Education Directorate). 
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In the past, selected companies have been 
geiierous in their support of education. Some 
have participated with Federal and State 
governments in jointly funded computer- 
based learning projects as well as other tech- 
nology-based activities. Although it is difficult 
to estimate the amount of corporate support 
for educational technology, education has 
always been a high-priority area for support. 
The Annual Siu^eys of Corporate Oontribu- 
tions,. a series conducted by the Conference 
Board for the years 1978, 1979, and 1980, 
shows that contributions made to educational 
institutions and organizations for a wide vari- 
ety of purposes have increased from $256.3 
million to $375.8 million— from 37 percent of 
, the total contributions of reporting companies 
in 1978 ($693.2 million) to 37.7 percent of those 
firms reporting in 1980 ($994.6 million).*** Sup- 
port of education measured as a percentage of 
pretax net income has increased from 0.179 in 
1978 to 0.220 in 1980." However, if funding 
for such activities is to remain at the 1980 
levels (in constant dollars), private donations 
will have to increase substantially in all pro- 
gram areas, including education and research. 
An Urban institute study of how^the Federal 
budget cuts, As proposed in March 1981, 
woiild affect the educational programs of non- 
profit institutions showed that they will re- 
ceive $0.7 billionj dollars less in income from 
public sources, and they wiQ receive $7.3 
billion from private sources. To maintain the 
existing value of private support, contribu- 
tions from the private sector must increase by 
17.9 percent: 

. . . private giving wopld have to increase by 
144 percent between 1980 and 1984 in order 
to keep up with inflation and make up for rev- 
enue lost to nonprofit organizations as a con- 



**It is important to note that response rates to the Axmual 
Survey of Corporate Cdntributsoas varied for the years dted: 
1978—769 companies; 1979—786 companies; 1980—732 com- 
panies. Annual tabulations of coq)orate contributions published 
by the American Association of JPimd-Raising Counsel, show 
that giving levels for 1980 and 1981 were $2.7 billion and $3.0 
billion reapactively. 

^K}onference Board and the Council for Financial Aid to Edu- 
cation, Advance Report From the Annua] Survey of Corporate 
Contributions, 1980 (New York: The Conference Board, Inc., 
1981). 



sequence of the budget cuts. By comparison, 
however, during the most recent five-year 
period, private giving in practice increased 
only 38 percent. In other words, in order for 
private nonprofit organizations to hold their " 
own . . . even using (adppiistration) inflation^ 
assumptions, private giving would have to in- 
crease four times faster between 1980 and 
1984 than it did over the five-year period just 
ended." 

There is evidence that corporations are will- 
ing to increase their support of educational, 
arts, and social service programs affected by 
Federal budget reductions. Corporate giving 
clubs are being organized by business leaders 
in various part of the country to ensure that 
companies set aside up to 5 percent of pretax 
revenues for this purpose. However, according 
to Internal Revenue Service records, only 
about 35 p^cent of the Nation's 1.5 million 
profit-reportmg firms claimed any charitable 
deductions in 1977 (latest figures available), 
with only 58,000 taking advantage of the full 
5 percent allowable deduction. FurthermoEe, 
most of these donations went to su^ort local 
conununity projects rather than national pro- 
grams. Few, if any, of these donations carry 
with them the requirement that projects' re- 
sults be widely disseminated.^' . 

Hopefully, the founding of such clubs will 
offset the potential negative effect that the 
provisions of the Economic Recovery Tax Act 
of 1981 might have on charitable donations. 
Because the act allows faster depredation and 
more investment tax credits, it will have the 
effect of reducing taxable income. A recent 
Conference Board survey of trends in business 
volunteerism in the largest U.S. manufactur- 
ing, service, financial, and transport firms indi- 
cated that, for a variety of reasons— among 
them current economic conditions, companies 
are not redirecting or expanding their program 
interests in response to Federal budget reduc- 
tions. In fact they may not be able to give as 
much in the future as they have in the past. 



"Salamon and Abramaon, op. dt. 

"''How Corporate 'Clubs' FB the Gap in Giving," Buaineaa 
Week, Nov. 23. 1981» pp. 64F-66. 

^*"Mor« Tex Incentives for R&D," Buaineaa Week, Sept. 7, 
1981. pp. 74UP. * \ ' 
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Some respondents said that they thought that 
a lower corporate tax rate may well discourage 
giving. Representatives of 6 of the 10 com- 
panies said that they do not expect to lend 
more executives to nonprofit institutions in 



place of, or in addition to, direct contribu- 
tions.^' 



'^E. P. McGuire emd N. Weber, Busine^ Vohinteeriam: Ptoe- 
pects for 1982 (New York: The Conference Board. Inc.. January 
1982). 



Federal Commitment to Educational 

Technology R&D, Fiscal Year 1982 

, Approved congressional budget levels and ^ Tablt 18.--Dtpartment of ^^^^•^••^'^^^^^^ 

1- P, V , . J «^^^o,v. Ptrsonne Sytttms Ttchnology R&D Progrim 

conversations with budget and program offi- E,emtnts and Funding Levtls--Flscal Ytar 1981-82 

cers in NSF, OE, DOD, and other agencies, ^ , . — 

suggest that the Federal investment in educa- ; _^ 

tional technology R&D in fiscal yqar 1982 will Program element ^ 1981 1982 

amount to $273,915 million, $256 million of . 

which will be utilized by the tri-services .Training, personnel, «nd human 

, . ^ J A • 'c V engineering *o.w ♦^•u 

(Army, Navy/Marme Corps, and Air r orce) as ^uman factors m ayatema development . 7.0 a? 

a part of the Training and Personnel Systems Human performance effectlveneaa and 

X,*^ , , /m-nfcom\ r\ • _ _ almulatlon » ^^-Z J o 

Technology Program (TPSl ). UngOmg pro- Manpower, peraonnel, and training 8.2 CO 

gram elements of TPST. according to which ^^l-.gtl'ir J' "^""T. : II 7^ 

specific projects are fundea, are ustea m table Manpower and peraonnei 3.4 4.7 

18; selected project topics funded within these Hu37JJ',ora ii'Tt^ai^^^^ ^'^ 

program elements are listed by service branch operational effectlveneaa 1 a 3.1 

in foKl£^ IQ Education and training 7.8 9.8 

m CaOie 19. Training and almUlatlon " 1.5 2.2 

" Synthetic flight training ayatema 0.8. 8.3 

Of the remaining $17,915 million (non-DOD Nonayatem training devlcea engineering 12.2 12-9 

funding), the largest percentage-an estimated w« i r««. * 

.1,. .11 i. ^ ^^^^Ji4.^^ Navy and MarIm CorpM 

$5.55 milhon— will go to support computer re- Behavioral and aoclal aclencea 7.7 8.8 

search, including software development in sci- Human^factora and aimuiftion ^ ^ e 5 

ence, math, reading, and written commumca- 

Peraonnel and training technology 5.7 0.4 

tions Educational television projects will Human factora engineering development. 2.9 3.1 

1 L i. 4. Manpower control ayatem development . . 3.1 2.8 

receive the second highest amount— an esti- wan-machine technology o.o o.o 

mated $5,236 million. The remaining $7,129 Education and training ... ... 4.8 3.7 

!iiV if .11 1 1 i. ^ Navy technical Information preaentatlon 

miUios will be used to support educational ap- ayatem 1 e 1 .3 

plications of video disk and teleconferencing Marlrje Corpa^«lvanced manpower ^ ^ 15 

and to develop special technology explications 

Training devlcea technology 8.0 8.0 

for educating the handicapped. framing devlcea prototype development . 13.9 10.4 

xwA wuwuuu^e rtr Prototype manpower/peraonnel ayatema . 1.1 5.0 

. i^TOT-* training devlcea 13.7 27.9 

Breakdowns of R&D funding within NoF , surface warfare training devlcea ....... 34.4 41.7 

OE, and DOD and estimates of the dollars set submarine warfare training devlcea _2^ 

aside for educational technology R&D projects 

Air Forca 

in fisMl year 1982 are given in tables 20, 21, Human reaoiircea . . 4.8 4.9 

jfT^ 'i^Xt^ 1 .1 J irnn Aeroapace Wotechnology 8.2 o.o 

and 22. NSF has provided $4,536 million— Training and almulatlon technology 12.9 14.2 

0.457 percent of the agency 's total projected Pe-nn.' ^u^r II 11 

R&D expenditure ($991 mimon)— to grants or innovations m education and training . . . 1.7 2.5 

this tyi>e. Educational technology projects will night simulator development s.s u.3 

be funded to varying degrees within six pro- ^^J J J 

gram areas in OE. The total projected amount 8Ji^:P.p..m..;o;D,;.nM:o,«c.o;m.und.r..cr..«y.orR.....h«.d 

is $13,379 milhon, 12.45 percent OI the ap- EnglnMrlno, complltd January 1982. 
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T«bl« 19.— Training and Partonnal Systams 
Tachnology RAD Program: Salactad Projact 
. Toplca— Flacal Yaar 1981-82 ^ 

Amy 

Man-computer communication techniques 
Appiiceilion of video dlsl^ to tactical training and skill 
Qualification testing 

Technology-based basic skills and Individual skills 

development systems 
Computer-based maintenance training aids 
Integration of microwave and computer technologies 
Computer-based maintenance training aids 

NavylMartne Coq>9 

Computer-based maintenance training and other 

computer-based instructional systems 
Individualized automated training technique 
Computer literacy (teaching computer programing skills) 
Advanced training technology development 
Advanced voice Interactive systems development 
Computer-assisted design and evaluation systems 
Computerized personnel acquisition syslem development 
Utilization of computer graphics lor maintenance 

instruction 
Computer-based basic skills instruction 
Advanced computer-aided instruction for complex skills 
Experimental, technology-based combat team training 

systems 

Computerized course authoring systems 
Computer-based speech recognition and synthesis 

'Ak Force 

Human-computer combinations 
Computer-aided technical instruction 
Advanced visual technologies 

Computer- baaed ^maintenance aids 

SOURCE: D«partm«nt of D«f«nM, Offic* of th« Und«rMCr«tary for RcMcrch 
and EngloMrfng. 



proved R&D funding level of $107.4 million. 
Of $19.9 billion approved for DOD R&D fund- 
ing, 1.28 percent, or $256 million, will be spent 
on training ai^d simulation devices, computer 
instructional software development, and other 
technology-based projects. Government-wide' 
commitment levels to educational technology 
projects are broken down by agency in table 
23. 



\ 



Tabl« 20.— National Sclanca Foundation RAD Budgat, Fiscal Yaar 1082 
for Salactad Program Araaa 



Program area 



Approved R&D Funds for education Percent of 
funding level technology R&D program total 



$273 million 
$92 million 



Mathematical" and Physical Sciences 

Engineering and Applied Sciences . . 

Scientific, Technological, and 
International Affairs and Cross- 
Directorate Programs ^ $40 million 

Science Education, Development, and 
Research* $21 million 



Subtotal, selected program areas $426 million 

^ Total (all R&D within agency) $991 million 



0 0 
0 0 



Estimated $2.2 21.6% 

million computing 

in education. 
Estimated $2,336 

million science 

broadcasting. 

$4,536 million* 10.6 
$4,536 million 0.457% 



*L«gl«l«tlv« mwKtat* to fott«r computing in toUnc* •ducatlon. 

SOURCE: Am«rtcan Attoclatlon for th« AdvancArrMnt of 8ci*nc«, National Sclanca Foundation, and Offica of Tachnology 
Aaaaaamant. 
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Tabl« 21*— Dapartm^nt off Education R&D Budgat, Fiacal Yaar 1982 
ff6r Salactad Program Araaa 

N Approved R&D Funds for education Percent of 

Program area ' funding level technology R&D program total 

National Institute of Education $53.4 million $1.3 million (est.) 2.43% 

National Institute fOr Handicapped 

Research $28.6 million $0.2 million (est.) , 6.99 

Bilingual Education $6.0 million 0 0 

Handicapped Research Innovation & 

Development $7.2 million $0.9 million 12.5 

Vocational Educational Programs of $5.5 million 

National Significance (est.) 0 0 

Educational Technology $6,679 million $6,679 million 100 

Special Education Resources SI. 8 million 

Fund for the Improvement of 

Postsecondary Education $10 million $2.5 million 40 

Total (all R&D within agency) $107.4 million $13.379 million 12.45% 

SOURCE; 0«partm«nt of Education and Offlca of Tachaology Ataattmant. 

Tabia 22.— Da|Mirtmant off Daffanaa RAD Budgat, Fiscal Yaar 1982 
ffor Salactad DIvlalona 

Approved R&D Funds for education Percent of 

Department . funding level technology R&D program total 

Army .r S3v6 billion $74.9 million* (eat.) 208% 

Navy and Marine Corps 15.9 billion $131.7 million* (est.) 2.23 

Air Force " . . . $8.9 billion $49.4 million* (est.) 5.55 

Defence agencies $1.7 billion 0 0 ' 

Total (all R&D within department) . . . $19.9 billion $256.0 million ' 1.28% 

*Addltlpnai R&D af forts may axist ihat ara not capturad withtn training and paraonnal tachnolooy program data'baaa. 
SOURCE: Amarlc^i Aaaoclallon for tha Artvancamant of Sclanca; Oapartmant of Dafanaa; •r>d Otftea of Tachndogy Aaaaaamant. 



TabIa 23*— Projactad Fadaral Expandlturaa ffor Educational Tachnology R&D, 

Fiacal Yaar 198^ 

Projected expendfture educational Tot^l R&D budget 

Department technology— R&D (approved levels) 

National Science Foundation $4,536 million (est.) $991 million 

Department of Education $13,379 million (est.) $107.4 million 

Department of Defense $266 million (est.) $19.9 billion 

Total '$273.915 million (est.) $20.99 billion 

SOURCE Offlca Of Tachnology Asaatsmant and Amarlcan Ataoclatlon for tha Advancamant of Sclanca. 

( 



Discontiiiued and Consolidated Projects 



Research on the educational applications of 
satellite technology will ^t be supported by 
the Federal Government m fiscal year 1982, 
with the exception of one small project spon- 
sored by NIE and conducted by a regional edu- 
cational laboratory. Support for Federal tele-, 
communications research and demonstration 
has been discontinued, except for two projects 



that will receive some funding for fiscal year 
1982. The Deafnet Telecommunications Mod- 
el, the product of a 3-year effort that involved 
modifying existing electronic mail technology, 
will be disseminated to potential users under 
a $300,000 grant. OE*s Division of Education- 
al Technology (Office of Educational Research 
and Improvement) will provide $1.1 million to 
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support **Project Best," a series of telecon- 
ferences designed to help officials in 45 States 
to understand the potential of the technology. 
The National Telecommunications Program 
established by Congress in 1976 to **promote 
the development of nonbroadcast teleconimu- 
nicatdns facilities and services for education 
and other social services"- was not reauthor- 
ized for fiscal year 1982. It would also appe^ , 
that a 3p^ear project that was designed to 
denionstrate the use of teletej^t in the United 
States and that was jointly si5onsored by OE, 
NSF, the National Telecommunications Infor- 
niation Administration, and the Canadian 
Government, will be discontinued. (In fiscal 
year 1981, OE contributed $1 millio^i to uie 
effort.) The Television and /Radio Progratn 
authorized by the Emergency School Aid Act 



of 1972 under which grants to reduce minor- 
ity isolation in the medi^were made, as well 
as the Basic Skills and Technology f^ogram 
authorized by the Education Amendments of 
1978, designed to encourage research uito the 
application of technology to problems in basic 
skills instruction, have been consolidated with 
other programs into a State educational block 
gre^t at overall feduced levels of funding. (In 
1981-82, ^;he combined support for th6se ^o 
programs amounted to $6.5 million.) OE sup- 
port for video disk development will not be 
pursued due to lack of funds. However, several 
video disk projects included within a group of 
multiyear contracts previously awarded by 
OE (an estimated $20 million investment for 
all such contracts) are scheduled for comple- 
tion in fiscal year 1983 and fiscal year 1984. 



Continuing^ Projects 



Multiyear grants, that will continue to be 
funded in fiscal year 1982 are listed by agen- 
cy in table 24. Seven ongoing educational tele- 
vision projects will be supported by OE. The 
use and adaptation ofteennology for the hand- 
icapped and for special education will be en- 
couraged. And, through the Fund for the Im- 
provement of Postsecondary Education, grants 
will be made to local educational projects that 
use teleconferencing, computer-aided instruc- 
tion, video disk, and other forms of technol- 
ogy (estimated $25.7 million). NSF will con- 
tinue its science broadcasting program ($2,336 
million) and will review its computer-based 
education projects and others similar to them 
($2.2 million). Support has been discontinued 
for the Mathematics Education Using Infor- 
mation Technology Program, designed to en- 
courage computer courseware development, 
and previously supported jointly with OE. To 



datj*, NSF has contributed $3.5 million, and 
Nllihas contributed $0.5 million to this proj- 
ect. In fiscal year 1982-83, NIE will proyid^ 
$0.6 million in support. 

Information about which spe^kic projects 
will be funded in this fiscal year und^r 
elements of DOD's Training Personnel and 
Systems Technology Program is still unavail- 
able. However, some idea about the nature of 
these activities can be gained by looking at 
selected tasks that are under way at the Army 
Research Institute (ARI). ARI will continue 
development of a hand-held computer for vo- 
cabulary building, a computer-assisted career 
counseling system, and a special data manage- 
ment system that will integrate video disk 
technology with a computer for basic skUls in- 
struction (estimated at $2.25 million). 
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TabI* 24.-Contlnu«tlon Qranti lor Educitflonai Ttchnology RftD, Fl«c«l Ywr 1M2« 



Program 

Otparttfmnt of education 

Oivltton of Educational Taehnology 
(Offica of Educational Raaaarch . 
and Improvamant . 

^ ) 



Grant daacrtptlon 



National Inttituta for 
Handlcappad Raaaarch 
Spaclal Education Raaourcas 



Handlcappad Raaaarch — innovation 
Davalopmant 

National Inatltuta of Education 



Fund for tha Improvafnant of 
Poata«condary Education 

Martooa/ Sctanc^ FoundBtkon 

Offica of Sclanca and 
Englnaaring Education 



Dapmrtmant of Dafanaa 

Army 

Navy and Marina Corpa 
Air Forca 
Total 



MIcrocomputar Softwara ^ , ,^ 

Davalopmant Elam^ntary gradaa (3 yra funding at $150,000 par projact) 
Ohio Stata mathart^atlca, davalopmant and.taat^g In 25 achools by 

flacal yaar igea, , 
Wycatt raading; Bolt. Baranak and Nawman writtan communication * 

compoaltlon 

VWao dlak . ^ ^ ^. ^ 

Unlvaraity o^i Nabraaka davalopmant of Spanish English dictionary and 

microcomputar aoftwara 
Amarlcan Inatltuta of Raaaarch vidao diak for mualc aQd math curricula . 
for alamantary gradaa. 45 alta damonatratlons and alactronic mall 
componant 

TalaoonfaraftcliHI ^ . 

••Projact*B#at aaalatanca to officials In 45 Stataa In undaratandlng 

potantlal of tachnology, alactronic mailbox companant, 

8 talaconfarancaa 
Talavlalon 

Savan projacta (aalactad granta highllghtad) 

••3-2.1 Contact production funda to Chlldran s Talavlalon Workshop 
($1 million) ^. ^ ^ 

'•Powar Houaa " haalth and nutrition— aconomlcally diaadvantagad 

minority youth ($3 5 million) 

••Klda," program for alamantary gradaa on.radH& broadcasting 

, ($1 million) 

Adaptation of aducatlonal tachnology for usa b/ handlcappad 

Daafnat Talacommunlcatlona Projact— modal diaaamlnatlon 

($0 3 million) 

Una 1 Caption Broadcasting Program ($15 million) 
Tachnology Utilization Projact 

•Mathamftlca Education Using Information Tachnology " (until flacal 
yaaf^ 1962-83 jointly fundad with NSF; $0.fl million) Computar ^ 
courtawara davalopmant "Calculator Infomiatlon Cantar" ($0 1 mHlion) 
"Computar Softwara Claarlnghouaa" ($0.2 million) Portion of Raglonal 
EducaMonai Laboratorlaa budgat utilliad for aducatlonal tachnology 
projacta: courAvirara davalopmant; aatalllta t^acommunlcatlona projact- 
(aat $0 4 mllMon) , . 

Educational talavlalon. talaconfarancing, compytar akJad Inatructlon. and 

vldao dIak (local projacta) * 

Computar baaad aducatlon. CAD/CAM^ aducatkin. and othar projacta 
currantly up fof ravlaw 
Sclanca proadcaating 

Priam Prdductlons. Inc , "Hovir About " 90 sacOnd aclanca aarlaa for 
commarclal talavlalon (syndlcatad to 140 statlona-jolntly fundad *^lth 
Qanaral Motors Raaaarch Laba, NSF contribution: $0 208 million) 

Chlldran'a Talavlalon WorHahop. "3-2-1 Contact :" aclanca programing. 
National Public Radio. "Sclanca Infomiatlon on Public Radio:' 
aatabllahmant of sclanca production capabllltlaa and provlalon for aclanca 
covaraga for diatrlbutlon to 227 public radio atatlOna ($0 196 million) 

' Saa tablaa 18 and 19 for program alamanta and projact topica 
Saa tablaa 18 and 19 for program alamanta and projact topics - 
Saa tablaa 18 and 19 for program alamanta and projact topica 



Funding laval 
$2.25 million 



$0.22^mllllon 



$0,250 million 
$11 million 



$18 175 million 



$0.2 million (aat.) 
$16 million (aat ) 

$0 9 million (aat ) 
$13 million (aat.) 



$15 million (aat.) 

I 

$17 million (aat ) 
$2 336 mHllon 



fundad with n»c^ 1980 and fl»c«l y««f 1«1 mon«y» 
*^CAiyCAM-Co<nput«r^»l»t»^ (J«»lQn/comput«r iailttad manufaclur* 

SOURCE Offic* of Tachnology A»»«»»m«nt 



) 



$73 5 million 
$131 7,mHllon 
$49 4 million 

$284 336 million 



/ 
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New Grants fdr Fiscal Year 1982 



A breakdtown of the funds that have been 
tentatively earmarked or committed for new 
projects within OE, NSF, and DOD is shown 
in table 25. Approximately $6.8 million are 
available. $5.4 million within OE. The Army 
has established a new Non-System Training 
Devibes Development Program with an initial 
budget of $1.4 million. NSF wiU fund only one 
new project in fiscal year 1981— a $0.5 million 
effort ta^foster innovative, ideas for using com- 
puters insdence education. The project was 
conceived after NSF had been approached by^ 
several manufacturers who offered to provide, 
free microcomputers for experimentatit)n in 
educational institutions. 

A revealing analy^s of Federal support of 
R&D for educational technology in fiscal year 
19dl is shown in tahl6 26, which presents esti- 
mates of funding levels for particular typ^s of 
technology. Educatjional television will receive 



more money than any other form of technol- 
ogy—an estimated $21,411 million, a sum that 
includes grants for local demonstrations. From 

. fiscal year 1968 through fiscal year 1980. the 
Children's Television \Vorkshop receiv^ 
grants from OE totaling $46.3 million for tne 
development and production of Seasame 
Street and The Electric Company— an average * 
of $3.56 millfon per year.'* If the increased 
costs of television production and general in- 
flation are taken into^account, the $21,411 
million Federal support level for fiscal year 
1982 will clearly be insufficient tp maintain the * 
same volume of programing that previously 
^ existed. Th^s year, OE's Office of Educational 

^ Research and In^provement (Division of Edu- 
^ cational Technology) has plans to award only 



••A. A. Zuaker. Support of Educathnml Technology by the 
rhpkrtment of EducMtion: 1971-1980 {Washington, D.C.: 
U.S. D^aHmept of Education, February 1982). 



JMm 25.*-H«w QfinU for Educational T«chnology R&D, Fiscal Y«ar 1982 



Program 

b0fmrtm0nl of Education 

Division of Educational 
Technology \ 

National institute for 
Handicapped Research 



Special Education Resources 
Handicapped Research^ 

innovaVon and 

development 
Natfonal Inslittfte of 

Education 
Fund fof'the Jmproverfftnt of 

Postsocondary Education 

Hailonml Smlmmim foundmilon 
Science and Engineering 
Education Office 

D0f^affnhnt of Dmfanta 

Arniy '"^^v^ 
Navy and Marine Corps 
Air Force 
Total 



Qi'ant description 

Educational teievisipn projects 

Adaptation of educational technology for use by 

handicapp^; other topics to be identified. 
Bank Street College: 26- to 15-minute programs for ITV or 

ETV use, pigs computer game software, computer 

graphics, and video ditk application. 
"Careers in Electronics and Computers" (working title): 

two 60^mlnute progrartis that focus on opportunities for 

young people and displaced workers. 
None 

Technology utilization projects ' ^ 



None 

Based on proposals received to date (40 percent are for 
education technology projects 

"Gift Program:'* (in response to gift of microcomputers 
offered by two producer companies) foster innovative 
ideas for using computers In science education. 

Nonsystem Training Devices Development 
None ' . 
None 



Funding le vel 
$2.9 million (est.) 



$1 million (est.) 



$1 million (est.) 



$0.5 million 



$1.4 million 
0 
0 

$6.8 million (est^ 



SOURCE 0ff(c« of T«chnorooy AsMttmvnt 
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Tabl« 2e.-F#d#ral R&D Funding for Educational Technology FItcal Yaar 1982 

By Typa of Tochnology* ^ 



Technology 



Agencies funding 




Computer-based Instruction 



Educational television 
Teleconferencing 
Video disk 
Electronic mail 
Satellite 

Calculators 

Other 

Total . 



National Science Foundation; 

Department of Education; 

Department of Dtfens^ 
department of Education 
Department of Education ^ 
Department of Education 
Department of Education i. 
Department of Education (Funding 

of Regional Laboratories) ^ 
Department of Education 



F unding level 
$5.55 million (est.) 



$21,411 million 
$1.1 million (est.) 
$0,975 million (est.) 
$0.3 million (est.) 
$0.05 million (est.) 

$0.amlllloTi (est.) 
$4.55 million (est.) 



•include* muHlyw pro)»ctt funOMi wHhJlic.1 y—t IttSO and fItctJ yw 1961 mon<iy* 



SOURCE Office of Ttchnology A»»«t»m«nt 



two new educational television grants that 
amount to $2.9 million. Computer-based in- 
struction ^including software development) is 
the only technology that will be supported in 
fiscal year 1982 by all three Federal agencies 



(a!t a total level of $5.55 million). Other tech- 
nologies, such as video disk, electronic mail, 
and calculators, wffl each receive between $0.2 
million ancV$0.3 million in Federal support, all 
of it coming from OE. 



Federal Support for Educationall 
Laboratories 



With the Cooperative Res^ch Act of 1963 
and the Elementary and Secondary Education 
Act of 1965, the U.S. Office of Education 
established regional centers and laboratories 
for.educational research to focus efforts and 
to encourage experimentation imder controlled 
conditions. In fiscal year 1982, NIE will pro- 
vide $28 million for these centers and lab- 
oratories. Of this amoimt, about $335,000 will 
be used to support educational technology 
projects. The Wisconsin Center for Educa- 
tional Research at the University of Wiscon- 
sin at Madison, Wis., will investigate possi- 
ble uses of microcomputers in problem-solving 
and language skills instruction. The Univer- 



sity of Pittsburgh's Learning Research and 
Development Center has initiated small curric- 
ulum software development projects in devel- 
opmental reading, writing, and mathematics. 
Through^ communications skills project, the 
Southwest Regional Laboratory hopes to de- 
velop microcomputer software.for student use 
in generating, manipulating, and editing text 
in an interactive mode. Some of the funding 
for educational technology R&D projects 
comes from the States, as do some oithe funds 
to support the Northwest Regional Education- 
al Laboratory educational satellite project for 
R&D dissemination. 



Educational Technology R&D Support by 

Other Nations 




WhUe the U.S. Government isrfedacuig^lir formation technology in education, a number 
commitment to develop new applications of in- of other countries are planmng or mitiatmg 
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major programs. Some have succeeded in at- 
tracting U.S. reaearchers as major partici- 
pants. 

France 

In January 1982, France announced plaf*s 
to establish a World Center for Computer 
Science and Human Resources for the ex- 
pressed purpose of designing personal com- 
puter systems fpr use in training and educa- 
tion projects infedustrialized and Third World 
countries. With an initial annual operating 
budget of $20 million, the center staff has ten- 
tative plans to develop computer-based educa- 
tion projects in Senegal, Kuwait, Ghana, and 
the Philippines. The center will most probably 
receive additional financial support from those 
countries. Programs to retrain workers whose 
jobs have been eliminated through automation 
are also under consideration. 

Some see the establishment of the center as 
evidence that the French Government regards 
the computer as an important agent of social 
change and that it views its development as 
an important factor in determining how well 
the French will compete with the United 
States in the field of microelectronics.'' ^ 
Although the center's board of directors will 
have international representatives, at least 
nine French cabinet ministers will be among 
its members.'* The chairman of the World Cen- 
ter will report directly to President Francois 
Mitterand, an indication of the importance 
that the French Government attaches to the 
project. 

Two U.S. siiientists have accepted positions 
with the center. Nicola Negoponte, a professor 
of computer graphics at the Massachusetts In- 
stitute pf Technology (MIT), will assume the 
post of director. Seymour Papert, founder of 
MIT's artificial intelligence program and de- 
veloper of the computer programing language 
LOGO, will serve as its chief scientist. 



"••Microe Are Thin Year's Pifis Fashion," New ScientisU Feb. 
26. 19^2, p. 486 

••M. SchragQ. 'France Plans Computer World Center," Wasit 
iagtaa FoaU Jan. 28. 1982. 
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Testifying on May 19. 1982, before the Sub- 
committee on Investigations and Oversight 
and the Siibconmiittee on Science, Research, 
and Technology of the House Committee on 
Science and Technology, Jean Jacques Servan- 
Schreiber, chairman of the World Center, de- 
scribed it as the first of a network of such 
facilities that will focus on human resource 
development through application of computer 
technology. He expressed the hope that the 
United States would establish the next such 
center, encourage the funding of others, and 
cooperate with Fr^ce in ** . . . the implemen- 
tation of a policy aimed at the stimulation of 
worldwide economic activity and employ- 
ment."** 

duropean Commission ^ 

The European Commission, the independent 
policy-operating body of the European Com- - ' 
munity, plans to launch a 10-year, $1.6 billion 
program to aid research in computer-related 
technology. Funding will come from the conv 
missioH, from the industrial sector, and from 
other sources. These funds will be distributed 
as grants to European research groups, pri- 
vate laboratories, and universities for concen- 
trated efforts in such areas as office technol- 
ogy, factory automation, software, advanced 
microelectronic chips, and aritificial intelli- 
gence. European researchers and business rep- 
resentatives will discuss the project during 
1982. Plans call for ther program to be initiated 
before the end of 1983." 

United Kingdom 

Britain believes that its future role in inter- 
national markets will be largely affected by the 
investments it makes now in fostering the de- 
velopmei^ of information technology. With 
this in nuhdl, the British Government is estab- 
lishing a comprehensive policy for information 

'M.J. Servan-Schreiber, t«atlinony of Jean Jacques Scrvan* 
Schraiber, Wore the Subcommittaetiii Inveatigations and Over 
sight and Subcommittee on Science/ Reaeiirch. and Tedmology, 
Conmiittee on Science and Technology, U.S. House of Repre- 
sentaUves, May 19, 1982. 

""EEC Stakes 856 Million on Tomorrow s Computers/' New 
ScientiaU Jan. 7, 1982, p. 6. 
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technology that will have the following key 
elements: 

• provision of a national telecommunica- 
tions network; 

• the*development of a^tatutory and reg- 
ulatory framework designed to encourage 
further growth pf information technology 
products and services; 

• initiation of actions to create an aware- 
nesskof the inherent advantages of infor- 
mation technology and to stimulate in- 
terest in utilizing new -services and equip- 
ment; and 

• direct support to the development of new 
products and techniques. 

A Ministry for Information Technology has 
been created within the Department of In- 
dustry, to serve as the point of coordination 
for all government activi|^ies. Apart from 
designating 1982 as Information Technology 
Year, the British Government has launched 
a $1.2 million public awareness campaign. It 
is, moreover, in the process of initiating a vari- 
ety of projects, including one designed to place 
a microcomputer in every secondary school by 
the end of 1982, ahd another— known as the 
Microelectrcmicdiii Education Program— that 
will provide instruction to teachers on the use 
of the computer as a classroom learning aid. 

Clearly, the actions that nations are taking 
to encourage basic research and product- 
related R&D in information technology are in 
accordance with the ideas U.S. researchers 
have about Government support and par- 
ticipation. In hearings before the Subcommit- 
tee on Domestic and International Scientific 
Planning, Analysis, and Cooperation of the 
House Committee on Science and Technology, 
held in 1977, researchers from educational in- 
stitutions and other nonprofit settings, as well 
as representatives from the computer hard- 
ware and software industry, advocated the es- 
tablishment of large-scale, * 'critical mass proj- 
ects" through which continued umovations in 
educational technology could Ije achieved. A 
nuri^^r of participants cited the need for con- 
tinuity in funding and ongoing support for 
projects lasting from 6 to 10 years rather than 



for the traditional 1- to 3-year cycles charac- 
teristic of Federal funding. They frequently 
mentioned the vital role that the Government 
plays in fostering development of the technol- 
ogy and iij* eliminating constraints that inhibit 
applications. William C. Norris, Chairman and 
Chief Executive Office of Control .Data Corp., 
one of the U.S. fimis most active in computer- 
based education, underlined the importance of 
the Federal Government s role in encouraging, 
through funding and other meansf cooperative 
R&D efforts between universities and. in- 
dustry, in order to ensure that basic research 
is undertaken and new products continue to 
be developed and disseminated t ©specific 
markets. Recommendations made a^the hear- 
ings also included the establishment of a na- 
tional center and/or regional centers -that 
wouM focus on further developments in educa- 
tioncd technology." 

Implications of tlie Present 
Federal Role in Educational 
Technology R&D 

Commitments made to R&D for educational 
technology at the level of fiscal year 1982 fund- 
ing do not permit the Federal Government to 
continue to serve as a major par^cipant in, 
and catalyst for, new research acti\»ties. Given 
decreased Federal funding levels and staff 
shortages, the degree to which t^e university 
community will participate in the future is also 
in question. Thus, private industry will have 
to provide the largest percentage of research 
dollars, and to perform most R&D functions. 
In a climate of increasing international com- 
p>etition, in which industry will tend to invest 
more in product-related R&D that ensures 
return on investment rather than in more fun- 
damental research, the future of U.S.-based 
basic research and other nonmarket-oriented 
efforts is in doubt. This situation contrasts 
sharply with the European examples where na- 



"Committoo on Sdenco and Technology. U.S. House of Rcpro- 
ncntatives. Computen and tho LeamiDg Society, hearing before 
the Subconunitteo on International Scientific Planning, Analy- 
sis, and Cooperation. Oct. 4.6.12.13. 18. and 27. 1977 (Wash- 
ington. DC. U.S. Government Printing Office, 1978). 
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tioiiaL governments are becoming active par- 
ticipants in establishing national programs. In 
Third World countries, governments are also 
eager to utilize information technology to im- 
prove their training and educational programs. 

Plans are underway at OE to establish an 
Educational Technology Initiative, a $16 mil- 
^ lion program that, over a 3-year period begin- 
ning in fiscal year 1983, will focus on the de- 
velopment of educational software. This initia- 
tive wiU also set up lighthouse school demon- 
strations, where ^m^lic&tions of educational 
technology may be observed by school admin- 
istrators and others, and an information clear- 



inghouse and exchange." By leveraging funds, 
the proposed program seeks to attract match- 
ing funds from industry to develop educational 
software to meet school specifications. Given 
past levels of Federal involvement in such 
public^private R&D projects, it is questionable 
whether the Federal contribution of $3.3 mil- 
lion extended over a 3- to 5-year period will be 
enough to stimulate private investments. 



•Department of Education, Office of Educational Research 
and Improvement, FY/S3 ProgrMm/Budget PUn: SecntMry 's 
1Mux>k)gy InitiBtive (Waahington, D.C.r Department of Educa- 
tion, February 1982). 



Present and Future Support for 
Educational Technology R&D 



Arguments favoring Federal involvement in 
R&D stress the riskiness of investment in 
these early stages of market development and 
the fact that much needs to be learned about 
how to use these new media most effectively. 
Some of the case studies that follow suggest 
that Federal support has been a critical fac- 
tor in bringing experiments such as Sesame 
Street and PLATO to the point where com- 
mercial success stimulates private interest. If 
Congress decides to emphasize R&D in educa- 
tional technology, several issues must be 
resolved. 

• Source of Funding.— The Federal Govern- 
ment is only one of several potential sources 
of R&D support. Are Iher6 ways of pro- 
viding Federal support that encoiu^age in- 
vestment in R&D by private industry, foun- 
dations, and even local and State education 

^ agencies? Mechanisms for coordinating and 
pooling research funds from multiple 
soiu'ces have to be ei:plored. 

• Level of Funding. — Several experts have ex- 
pressed the opinion that ciurent funding is 
far below the critical level necessary to 
make significant and rapid improvements 
in the state of the art. They point out that 
the French World Center has a starting 
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budget of over $20 million per year and that 
{frevious Federal efforts in educational tech- 
n6logy were funded at a significantly higher 
level than at present. 

• Stability of Support— Perhaps more impor- 
tant than the particular funcUng level is the 
fact that in order to encoiu-age the forma- 
tion of high-quality centers of research and 
to foster the entry of capable researchers 
into the field, there will need to be a long- 
term commitment to support R&D at what- 
ever level is deemed appropriate.. 

• Type of Research— There are foiu- broad 
areas of research in learning technology: 

1) research on the hardware technology it- / 
self to develop appropriate educational 
devices; 2) research on software develop- 
ment and courseware authoring techniques, 
such as how to make the best instructional 
use of information technology; 3) research 
on human-macliine communication and in- 
teraction such as that on languages, key- 
board and screen design, and the use of 
graphic images to transfijtr information; and 
4) research on cognitive learning and on how 
individuals interact with e4ucational sys- 
tems. 
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Basic Research or Development —The prop- 
er role of the Federal Government in fund- 
ing research, however, is more clearly estab- 
lished in basic research and becomes less 
clearly so as the work is more developmen- 
tal in nature. THe closer a project moves to 
developing a potentially marketable applica- 
tion, the more tl^se issues come into focus: 



-what is the appropriate overlap between 
Government and private funding, and 

-assuming that a Government funded pi'oj- 
ect turns out fco be a commercial success, 
how can it then best be moved quickly 
into the private sector? 



Case Studies of Landmarklti&D Dissemination 
Efforts in Educational Technology 



This section includes four case studies of ed- 
pcational technology projects initiated part- 
ly or wholly with Federal funding. These proj- 
ects have significantly affected the educational 
process, in some cases broadening the defini- 
tion of what education is and where it can take 
place. The first case study describes the for- 
mation of the Children's Television Workshop; . 
the second, the development, production, and 
marketing of PLATO, a computer-based learn- 
ing system; the third, the establishment of the 
Computer Curriculum Corp. as an outgrowth 
of federally supported, university-based re- 
search in computer-based instructional sys- 
tems for schools; and the fourth, the creation 
of CONDUIT, a nonprofit group that evalu- 
ates, packages, and distributes computer- 
based learnirig materials to secondary and 
postsecondary institutions. 

Case Study 1: The Children's 
Television Workshop 

The Children's Television Workshop (CTW), 
the creator of the prize-winning educational 
television series. Sesame Street and The Elec- 
tric Company, was the first television program 
producer to design educational programs on 
a large scale specifically for preschool children. 
The CTW expe?ience illustrates the higKly suc- 
cessful use of technology for educational pur- 
poses, a substantial Federal Government in- 
vestment and role, and the creation of a unique 
organization. It can therefore provide useful 
insights into and lessons about, the interrela- 



tion of public policy, technology, and educa- 
tion. 

Context 

CTW was fc^fme^in 1968 at a time when 
early childhodd studies had established how 
important the preschool years are in laying the 
foundation for subsequent intellectual devel- 
opment. It was a period when educators, in- 
creasingly aware of the exceedingly large 
number of hours that young children were 
watching TV each day, were becoming con- 
cerned about the kind of programing being of- 
fered. There was at the same time a growing 
sensitivity to the disparity in school readiness 
between advantaged and disadvantaged chil- 
dren. 

CTW decided to experiment with a show 
that would attempt to capture the attention 
of young childre^, parj-icularly those from low- 
income families. It was suspected that children 
from disadvantaged familiaiTwatched TV even 
more than middle class children. Surveys 
showed that 90 percent of all families with in- 
comes below $5,000 owned at least one televi- 
sion set and that disadvantaged families with 
preschool children had their sets on for an 
estimated 54 hours per week. 

Budg(et and Org^anization 

In 1968, CTW .was set up as an autonomous 
unit within National Education Television, 
which served as a corporate umbrella for the 
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purpose of receiving grants. Two years later, 
it be<:ame independent as a nonprofit corpora- 
tion. The budget for its initial 2 years was $8 
million— the first year for preparation, and the 
second for production and broadcast. The U.S. 
Office of Education ftgreed to pay 50 percent 
of this cost; the remainder was funded primari- 
ly by the Ford Foundation and the Carnegie 
Corp. 

The present CTW budget is around $33 mil- 
lion, most of which is spent to pay the costs 
,of its nonbroadcast enterprises such as the 
printing and posta^ for three widely cir- 
culated magazines. 

Foundation support has tapered off, and 
Federal support for Sesame Street ended in 
fiscal year 1982. As A result, the staff was 
recently cut back, and OTW's community out- 
reach program was redyced. While new pro- 
graming continues for e^^isting series, no new 
large-scale projects hav0 been announced. 

An effort has been matie to generate new 
revenues through a wholA^series of products 
based on CTW programs. These include books, 
records, toys, games, and elven clothing. CTW 
estimates that in 1982, roy^ty revenues from 
the sales of nonbroadcast materials will total 
$22 million, $16 million of which will go to 
cover costs, leaving an anticipate net revenue 
of $6 million to be applied to the continuing 
cost of Sesame Street and other educational 
projects. 

CTW Jias also established a unique educa; 
tionaJ park known as **Sesame Place'' in Bucks 
County, Par. Designed for children age 3 and 
)ip, it is of special interest because, in addition 
to haviifg dozens of outdoor play elements and 
indoor science exhibits, it provides 60 Apple 
computers on which children can plan educa- 
tional games developed by CTW. A second 
park was opened in the summer of 1982 near 
Dallas, Tex. CTW also has a traveling road- 
show called Sesame Street Live. 

As another potentially important new^rev- y 
enue-producing venture, CTW is developing 
and marketing game software for the personal 
computer. While these games are intended to 



be educational, one of thdr design criterion is 
that they also be entertaining. 

CTW Prosrams 

CTW created three highly successful large- 
scale educational scenes for children: Sesame 
Street, The Electric Company, and 3-2-1 Con- 
tact. Sesame Street^ the pioneer program, 
demonstrated that high-quality education pro- 
grams could win mass audiences of children. 
After Sesame Street, CTW went on to develop 
another equally successful show in its reading 
program for young children called The Elec; 
trie Company. Supplementary reading mate^ 
rials to reinforce both these programs were 
developed for students, teachers, and parents. 

The most recent series, 3-2-1 Contact, was 
designed for children between the years of 8 
and 12. Its aim was to acquaint children Mrith 
the nature of scientific thinking and with some 
areas of scientific investigation. The initial 
season ran daily for 26 weeks. Five programs 
per week were built around a weekly theme 
such as light/dark, hot/cold, growth/decay, and 
fast/slow. As with Sesame Street and The 
Electric Company, actual 4)roduction was 
preceded by careful study beginning with an 
examination of need. It was discovered, for ex- 
ample, that half of the States had no science 
requirements for teacher certification at the 
elementary school level, and that only 6 per- 
cent of 9-year-old students ranked science as 
their favorite subject. The developmental 
stages of 3-2-1 Contact involved 6 months for 
feasibility studies, 6 months for testing and 
development, and 6 months for production. 

CTW also produced Feeling Good, an adult 
series on health; Best of Families, a series in 
American social history; and a commercial 
television family special: The Lion, the Witch, 
and the Wardrobe, which won an Emmy as the 
outstanding animated television special of the 
year. 

CTW consid^d none of its program series 
to be a finished product. Programs are con- 
stantly brought Up-to-date, expanded, and 
revised for greater audience appeal and educa* 



128 • InfomMtional Technology and Its Impact on American Education 



tional impact. Sesame Street went on from its 
emphasis on cognitive learning to include such 
societal goals as cooperation, conflict resolu- 
tion, and fair play. Sesame Street and The 
Electrk^^Compoiiy programs were also adapted 
to thi^Special needs of the mentally retarded, 
the deaf, and the Spanish speaking. 3-2-1 Con- 
tact was incorporated into museun^programs 
throughout the country and was made an inte- 
gral part of the Girl Scout program for obtain- 
^ing a special 3-2-1 badge. 3-24 Contact has 
. been u^d in prisons, and Sesame Street has 
been used with the refugee boat children.. 

Impact of CTW 

With Sesame Street and The Electric Com- 
pany, CTW proved that skillful educational 
programinjg; could win a mass audience. Their 
combjoied audience in the United States has 
been^stimated at 15 million people. They are 
the two most watched programs on public tele- 
vision. Sesame Street regularly commands a 
larger audience among 2 to 5 year olds than 
any other commercial television program. 
Studies conducted in low-income neighbor- 
hoods suggest that from 80 to 90 percent of 
the children watch. CTW programs are also 
cost effective. Cost per viewer per program, 
for each CTW program, has been less than 1 
percent per day. 

Teachers diroughout the United States re- 
port that children arrive in school more 
knowledgeable and more able to master fun- 
damental skills in reading and arithmetic. The 
CTW style has been copied by other television 
producers, and many parents and teachers 
have reported a change In their own thinking 
about education. 

CTW programs are now offered in at least 
eight different languages and are shown in 
nearly 50 countries and territories. They have 
' received 18' Emmy's, the E^uropean Prix Jeu- 
nesse, the Japan Prize, and numerous other 
awards and commendations. In 1979, the 
Smithsonian Institute's Museum of American 
History celebrated jCTW's 10th birthday with 
a 3-month long exhibit. 



Aihong the factors cited as contributing to 
CTW's success are: 

• GeDerous Funding.— The large initial 
funding for Sesame Street was essential 
for achieving high quality. 

• Planning.— Each project has been 
planned very carefully and in great detail, 
beginning with a feasibility study and 
working throu^ all stages; from the time 
a CTW project was first considered to the 
time it is first broadcast typically takes 
2 years. 

^Producer Freedom. —CTW had complete 
control over the content and design of its 
program, and could make all progrWiing 
decisions without outside interference. 

• A Delivery l^atem Already in Place.— 
Almost every household had a television 
set and the broadcast time and tra|ismis- 
sion facilities were available through the 
public broadcasting system. 

• Aveiilable Professional Expertise.— CTW 
could draw from conmoiercial television. 

' • Personnel— The project was initijBited by ^ 
highly competent, creative people. , 

Case Study 2: Development, 
Production, and Marketing 
of PLATO 

PLATO, a computer-based education sys- 
tem designed for use with conventional and 
multimedia learning aids, was developed at the 
University of Illinois under the gmdance of 
Donald Bitzer. Since its initiation in 1959, it 
has been supported by a combination^ of Fed- 
eral, Stiate, industrial^ and private agencies 
and organizations. Most of tl:^ financial assist^ 
ance was provided by NSF with some funding 
from OE. When OE discontinued its support, 
several corporations also withdrew theirs. Con- 
trol Data Corp. (CDC) was eventually licensed 
by the University of Illinois to produce and t 
market the PLATO system. 

CDC is a worldwide computer and finjancial 
services company based in Minneapolis, 
Minn., employing 60,000 people and market- 
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ing products and services in over 47 countries. 
In 1981, CDC's net earnings totaled $171 mil- 
lion on combined revenues of $4.2 billion* Since 
1962, the company has invested more than 
$900 million in its educational products and 
services. 

CDC maintains that, in addition to its other 
profitmaking activities, it can idso make a 
profit by addressing itself to the most intran- 
sigent problems of our society. In cooperation 
with business, educatioiiial, and religious or- 
ganizatioAS and government agencies, CDC 
has developed projects relating to the inner 
city, low achieving students, prison inmates, 
smpll businesses, and independent farmers. 
Some projects are entirely devoted to educa-^ 
tion"and some are only partially so. The 
PLATO learning is .heavily used in many of 
these efforts. 

PLATO Computer-Based 
Education 

In 1981, there were 18 PLATO systems, 10 
owned and G|>erated by CDC and 8 by univer- 
sities. Nine of the eighteen are located in the 
Unit^ 3tates and Canada, and nine are over- 
seas. The cumulative number of terminal con- 
tact hours on PLATO IV passed the 10 million 
mark in 1979. This is by far the most exten- 
sively used system of computer-based instruc- 
tion in the world. 

A PLATO system consists of one large cen- 
tral computer that connects to many terminals 
by long-idistance telephone lines or satellite. 
Tl:iere is no technological limit to how far a ter> 
minal might be from the main computer; hun- 
dreds of miles is not uncommon. At the ter- 
minals, individuals or small groups of students 
can have access to a wide range of instruc- 
tional materials, which include presentations, 
drills, tutorials, dialogs, simulations, problem- 
solving, and games. 

PLATO learning can also be delivered on 
microcomputers using disks that store the 
leamiiig materials. In 1981, CDC announced 
its own microcomputer, the Control Data 1 10, 
which runs PLATO as an application. The 110 
, also serves as a small business computer and 



can be hookedTipi^ the central PLATO sys- 
tem to deliver PLATO learning on-line. 

The nature of the conversation or interac- 
tion between a student and the computer de- 
pends on the way in which the author has writ- 
ten the instructional materials. Generally, the 
interaction has these characteristics: 

• The dtudent gets immediate response 
from the computer ^whenever the student 
asks or answers a question. 

• The computer adjusts its lesson to meet 
the particular needs and abilities of the 
individual student at that moment. 

• The computer keeps track of what the stu^ 
dent has already learned. 

• The student can work in private without 
fear of exposing his weakness to other 
people. 

• The student can use the computer to 
assist him in visualizing ideas through 
graphics, computations, examples, and 
simulations. 

In addition to interacting with the computer 
program, the student can use the PLATO net- 
work to discuss his studies with teachers or 
other students, even though they may be phys- 
ically located thousands of miles away. The 
computer can diagnose, evaluate, teach, test, 
tmd keep records. The terminal screen is tac- 
tile-sensitive. If a child is learning to read and 
does not know a word— e.g., "mouse"— he can 
touch the word and, as the word mouse is 
spoken, it will be replaced by a picture of a 
mouse. 



Availability and Use of PLATO 

In 1981, about 6,000 PLATO terminals were 
used in diverse settings. One tjrpe of setting 
was the CDC Learning Center^ which is cq>en 
to the general public and which offers courses 
from a third grade level to advanced postgrad- 
uate work. There are 1 15 CDC Learning Cen- 
ters throughout the United States, the sub- 
jects taught at these centers include business, 
industry, and computer-related subjects as 
weU as foreign languages, English, math, 
sciences, education, psychology, the arts, and 
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career counseling. Learning centers offer 
business, industry, government agencies, and 
schools a cost-effective alternative to tradi- 
tional training programs. A company or agen- 
cy can have PLATO programs written or 
adapted to their particular training needs and 
have the programs made available to their 
employees throughout the country. 

Customers can ^install terminals that deliver 
PLATO CBE, either on-line or off-line, on their 
own sites. Schools have terminals onsite in all 
cases. With the release of PLATO courseware 
to other micros, however, the use of PLATO 
learning will be able to increase greatly at a 
highly reduced cost. 

Industry 

To date, the primary use of PLATO has 
been for inservice training in industry. Courses 
include basic management training, accoimt- 
ing, economics, equipment operation and 
mc^tenance, powerplant operation, computer 
fundamentals, and computer programing. 

Examples, of training needs to which 
PLATO has been adapted include: 

• United Airlines uses PLATO to bring 367 
new trainees each year up to entry level 
for transitional training. The PLATO- 
assisted program takes 11 days compared 
to the 15 days formerly required without 
PLATO. United Airlines estimates that 
it saves $29,827 per year by using the 
PLATO systems. 

• Control Data Institutes train 7,000 pro^ 
gramers, operators, and technicians year- 
ly for the computer industry. In the 
United States, 60,000 people have re- 
ceived this training since the first Control 
Data Institute started in 1965. More than 
50 percent of the training is on PLATO. 

• The Navy successfully adapted CDC's 
Basic Skills Learning System to train re- 
cruits at the Navy Recruit Training Cen- 
ter in Orlando, Fla. With the help of 
PLATO, two to three times the usual 
number of recruits were trained by the 
same-sized staff, and they completed thdr 
required course work in fewer hours. This 
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PLATO program was administered by 
regulair noncollege Navy personnel after 
only 2 weeks of speciahzed training. 

Higher Education 

Many colleges and imiversities use PLATO 
CBE. Some examples of the different ways in 
which PLATO has been integrated into educa- 
tional curricula are: 

• The University of Colorado uses PLATO 
for developmental English, physics, elec- 
trical engineering, accounting, educa- 
tional psychology, and astronomy. 

• The Reading Pennsylvania Area Com- 
mimity College offers PLATO courses in 
basic skills, training for local industry, 
. and enrichment programs in math, Rus* 

sian, and other subjects for exceptional- 
ly advanced high school students. 

• The University of Delaware uses PLATO 
in its School of Music to provide drill and 
practice with musical notes played by a 
synthesizer connected to the terminal and 
offeriS PLATO courses in dressmaking, 
nursing, and agriculture. 

• The American College offers courses in 
life insurance ancji related financial sci- 
ences to students in all 50 States and 12 
foreign countries. The networking power 
of PLATO is ideal for this widely dis- 
persed student body. 

• The University of Quebec has eight termi- 
nals in almost continual operatiq|i on the 
,Trois-Rivieres campus. Faculty members 
create their own lessons in French, chem- 
istry, English, physics, geometrical op^ 
tics, data processing, and psychology. It 
sometimes takes as long as 250 hours to 
produce a 60-minute lesson. 

Public Schools 

Although CDC is interested in introducing 
PLATO into public elementary and secondary 
institutions, PLATO has not been utilized by 
public schools primarily because of its cost. 
However, with PLATO learning new being 
delivered on micros— both on CDC microcom- 
puters and those of other compapies— costs 
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may drop substantially/One example of a suc- 
cessful application of PLATO is in an inner- 
city school in Baltimore. In 1979;^ 200 of Wal- 
brook High School's 538 seniors failed the City 
of Baltimore math and reading proficiency 
tests. After 60 days of using PLATO, all l*t 
nine passed the test. PLATO has helped Wal- 
brook's low achieving students to increase 
their academic levels as many as three grades 
in 1 year. ^ 

Today, 180 Walbrook stutients each receive 
25 minutes of PLATO instruction daily on one 
of the school's 12 terminals. At rmdtenn, a sec- 
ond group of 180 students is chosen. Thus in 
1 school year, 360 of the school's 2,350 stu- 
dents wiU have received PLATO-assisted in- 
struction. In addition, two jimior high schools 
have two terminals each, and six elementary 
schools have one terminal each. The Baltimore 
PLATO project, initially subsidized by QDC, 
- is now funded by the Baltimore City School 
System. 

Special Populatioi^s 

American Indians.— The American Indian 
Project of St. Paul, Minn., used the PLATO 
Basic Skills Program to meet the remedial 
educational needs of 1,2Q0 American Indian 
students in 65 urban areas^ Soipe students 
were able to raise their academic levels by 5 
years in only 6 months of work. 

Home Workers.— PLATO is used to train 
and provide employment for homebound, dis- 
abled ^ployees. CDC has created jobs in pro- 
graming for businesses and in developing 
courses for the PLATO system. The computer 
network makes communication possible be- 
tween employers, employees, and fellow work- 
ers, thus establishing a conununity that can 
give peer support to homewprkers nationwide. 

Priswers.— In 1974, CDC chose correctional 
institutions as one entry point for its Basic 
Skills Learning System. A pilot PLATO Basic 
Skills Learning program was installed in the 
Minnesota State Prison in Stillwater. After 
only 7 hours of PLATO study, inmates aver- 
aged gains of 1.6 grades in reading; after 12 
hours, they averaged gains of 2.16 grades 



in math. Students were anxious to t]r^sjthe 
computer, and here again, as in the case of 
the Indian program, academic success was 
matched by improved social attitudes. PLATO 
is now used in 29 correctional institutions 
located in 10 States and in the United King- 
dom. 

Unemployed.— A CDC program specifically 
designed for the hardcore imemployed, called 
Fair Break, consists of the PLATO Basic 
Skills courses in math, reading, and language, 
as well as a course in how to choose and get 
a job. The coursework is supplemented by a 
counseling and referral program that helps 
adult students cope with problems relating to 
health, finances, drugs, and interpersonal 
problems. The program also involves peer- 
group counseling. CDC provides part-,time 
work to program participants for the duration 
of the course. 



Assessing Benefits and Cost 
Effectiveness of PLATO 

In attempting to assess the benefits or cost 
effectiven^g^f a given PLATO application, 
three fact^rsmust be taken into account: the 
delivery system, the implementatioiu4Ad the . 
courseware. / 

PLATO as a Delivery System.— While some 
evaluative reports criticize minor aspects of 
the central delivery system, most regard the 
central delivery of PLATO learning as being 
exceptional, and believe that its full potential 
is still imrealized. The major criticism of 
PLATO as a delivery system has been its cost. 
The most clear-cqt beneficial or cost-effective 
uses of PLATO are those in which: 

• Educational opportunities are delivered 
that would otherwise be unavailable to 
the learner population in question. 

• Instruction is brought to learners who 
would otherwise have to be transported 
to a distant site for training. 

• Needed skills and knowledge can be ac- 
quired more quickly through a PLATO 
course than they can through an alter- 

. native instructional method. 
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Implementation of PLATO.— Implementa- 
tion refers to the setting and manner in which 
instruction is taken— the ujstitution, the learn- 
er population, the role and personality of the 
teacher, the relationship of the PLATO learn- 
ing experience to other instructional compo- 
nents, the motivational aspects (rf the environ- 
ment, and so forth. In a study conducted by 
the Educational Testing Service, the use of 
PLATO in four commimity colleges was foimd 
to have no significant effect on student attri- 
tion, student achievement, or student atti- 
tudes toward their academic experience. Parti- 
cipating instructors tended to view, PLATO 
favorably, but teachers judged, their PLATO 
students lees favorably than their non-PLATO 
students in ability, motivation, and achieve- 
ment. ^ 

Implementation in Military Training Set- 
tings.— The cost effectiveness of computer- 
based instruction in military training has been 
investigated by analyzing 30 studies of com- 
puter-based instruction, seven of which used 
PLATO; the rest of which used all other 
computer-based systems. It was concluded 
that, on the whole, computei^based instruction 
reduced the time normally needed by students 
to complete courses using conventional in- 
struction by 30 percent. The difference in the 
amount of time saved by individualized self- 
paced instruction compared with computer- 
based instruction was foimd to be relatively 
small. The PLATO system was not foimd to 
be more effective than other computer-based 
systems' studies. Furthermore, according to 
two cost-effectiveness evaluations, the Army 
PLATO rV system was judged to be less effec- 
tive than individualized (noncomputerized) 
instruction. 

Implementation in College Settings.— A 
comprehensive analysis of computer-based col- 
lege teaching was made that included 59 stud- 
ies of which an imspecified number were of 
PLATO courses. Although about 20 different 
characteristics of these courses were analyzed, 
. they were not classified according to the par- 
ticular delivery system that was used (e.g., 
PLATO, TICCrr). It was foxmd that a typical 
computer-based institution class raised stu- 



dent achievement by about one-qiLarter of a 
standard deviation unit. 

Courseware.— The term courseware refers to 
the programs on PLATO that contain both the 
content and logic of the instruction. An exten- 
sive variety of different kinds Df courseware 
have been developed for this system. 

Seven evaluation studies of the PLATO 
Basic Skills Learning System have indicated 
that the curriculum is at least as effective as 
some conventional methods in providing 
remedial instruction in math and reading. In 
one such study, 236 high school students in 
Florida received remedial instruction in 
mathematica via PLATO. The'median gain for 
aU students was 1.5 grade equivalents after 
they have spent an average of almost 20 hours ^ 
in the math lessons. This equivalent equates 
to about 1.0 grade equivalent gain for 13 hours 
in the curriculum. 

Because there was no control groyp in the 
Florida study or in several of the other evalua- 
tions of the basic skills curriculum there is no 
way of knowing whether other instructional , 
methods might have been as effective or as 
cost effective. Where control grout>s were in- 
cluded in basic skills evaluations, the results 
have been mixed or inconclusive. 

Students using PLATO Basic Skills course- 
ware tend to cover subject matter more quick- 
ly than do control groups. For example, at a 
Minnesota correctional facility, 20 reading 
students gained an average of 1.02 points in 
test scores after 9.6 hours of PLATO-assisted 
instruction. The control group of 6 students 
that had 15 hours of instruction gained 0.08 
points. Twenty math students gained 1.75 
points after 17.6 hours of PLATO. After 25 
hours of non-PLATO instruction the cor- 
responding 6 control students gained an 
average of only 0.35 points. In a comparison 
of 15 PLATO students with 15 controls at 
Bexar Detention Center, the PLATO students 
gained 1.13 points in math tests. The control 
group, after more than twice the amoimt of in- 
struction time, gained only 0.19 points. 

PLATO and other computer-based instruc- 
tion methods have capabilities that provide 
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unique learning experiences that are impossi- 
ble or impractical using other means. One ex- 
ample is a cardiology course at the Universi- 
ty of Alberta, Edmcmton, Canada. These pro- 
grams can simulate virtually any heartbeat. 
The student is aided by a ''stethophone/' an 
electronic stethoscope that amplifies the low* 
frequency sounds of the heart, and a terminal 
screen that displays a diagram of the patient's 
body. The student can hear heart sounds in- 
dicative of virtually all coronary conditions, 
providing an experience which traditionally 
would have required first visiting the radi- 
ology department to review X-rays, and then 
^e wards to see the patient. Because of the 
wide variety of cardiac dysfunctions, the 
urgent nature of cardiac lesions, and the large 
number of medical students, students normal- 
ly would not have the opportunity while in 
medical schools to observe every kind of heart 
disease. Previously, classes as large as 118 
students would spend 50 hours in a traditional 
lecture environment. With the PLATO sys- 
tem, that instnictional time has been reduced 
to an average of 20 hours and with a higher 
learning rate. 

Case Study 3: Computer 
Curriculum Corp. 

Computer Curriculum Corp. (CCC) is a for- 
profit company that develops and markets 
computer-assisted instruction (CAI) systems 
to schools. It was founded in 1967 by Patrick 
Suppes as a marketing outgrowth of R&D in 
CAI that began in 1963, at the Institute for 
Mathematical Studies in the Social Sciences 
at Stanford University. The institute's first 
instructional program was a tutorial curricu- 
lum in elementary mathematical logic. A pre- 
liminary version of its ^ementary mathemat^ 
ics program was tested in 1964. The first use 
' of CAI in an elemmitary school took place in 
1966, when fourth-grade children were given 
daily arithmetic jdrill-and-practice lessons in 
their classroom on a teletype machine con- 
nected by telephone lines to the institute com- 
puter. (Before that, the children were trans- 
ported to the campus.) 



During this time, the institute engaged in 
R&D on the use of CAI in teaching reading. 
In 1964, tKis effort was developed into the 
Stanford Initial Reading Project, the purpose 
of which was to provide a comprehensive, in- 
dividualized ciuriculum that would improve 
basic reading skills. First, however, the proj- 
ect analyzed the obstacles encountered by 
culturally disadvantaged children in acquiring 
reading skills. 

CCC Product Development 

With private financing, CCC began develop- 
ing a marketable CAI package based on the 
research that had been done at Stanford. By 
about 1973 the hardware became inexpensive 
enough to develop a system that could be mar- 
keted at a reasonable cost. Thus, CCC started 
as a marketing organization in about 1974. At 
that time, about 20 schools throughout the 
country werp using CCC's curricula. During 
the 1970's, CCC had the only conmierciaUy 
viable and extensively validated computer- 
basied curriculum for elementary schools. 

CCC Products and Services 

The CCC staff— about 200 employees— pro- 
vides a turnkey system that includes com- 
puter hardware, software, curriculum, and 
support services (e.g., teacher training and 
equipnkent maintenance). A typical system in 
a school has about 16 terminals in a CAI 
laboratory, although this amount varies per 
school. 

The curricula consist of drill-and-practice 
courses that supplement^ regular instruction 
in basic skills, primarily in reading and 
mathematics. In each course, students use the 
drills for 10 miiiutes per day. The three most 
widely used curricula are the mathematics 
strands, grades 1-6; reading, grades 3-6; and 
language arts, grades 3-6. Newer courses, such 
as reading for comprehension and problem 
solving, are rapidly being adopted. 

Funding for R&D 

Initial support for the work in elementary 
mathematics and reading came from a private 
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foundation and was followed up by support 
from NSF and OE. Since 1963, NSF has sup- 
ported work with elementary school gifted 
children and OE funded the reading project 
at $920,000 from 1964-67. From 1966-68 OE 
supported related work in CAI at Stanford. 
Work with disadvantaged students was sup- 
ported by title III of the Elementary and Sec- 
ondary Education Act of 1966, and work with 
the handicapped, especially <ieaf students, was ' 
•funded by the Bureau of Education for the 
Handicapped from 1970 to 1973. 

A reoriented project in elementary receding 
and math was conducted from 1967 to 1970 
with a grant from NSF. Its aim was to design 
and implpalfent a low-cost CAI curriculum that 
would act^^a^ supplement to classroom in- 
struction. Because the institute lost its Feder- 
al R&D support in elementary and secondary 
curriculum development after 1970, it had to 
reuse the elementary school cvuricula, making 
some special applications for hearing^impaired 
students. The institute then turned most of 
its attention to the development of university- 
level curricula. 



Evaluation Studies 

CCC curricula have been extensively eval- 
uated by many groups, including individual 
school systems. A wide variety of populations 
were studied including inner-city students; 
students in diffa-ent sections of the country; 
rural students in Appalachia; Americ^ Indian 
students in New Mexico; and bilingual, deaf, 
and mentally retarded students. 

The studies have shown that, when used as 
recommended, CCC's elementary CAI curric- 
ula are effective in increasing student achieve- 
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ment levels. Studies comparing gains of CAI 
students with gains of non-CAI students show 
that the curricula serves as an effective form 
of supplementary instruction. Studies compar- 
ing CAI programs with other supplementary 
programs suggest that CAI participants are 
more likely to meet achievemeiit objectives. 
Longitudinal data indiclrte that achievement 
levels can be expected to increase steadily over 
several years of CAI participation and that 
over summer holidays students do not seem 
to forget the concepts review^. 

The studies also showed that several bene- 
fits can be associated with the use of CCC cur- 
ricula. First, because of the categorical aid pro- 
vided by the Federal programs, CAI was in- 
troduced on a broad scale among disadvan- 
taged students, including those that come 
*' from low-income backgrounds, that are mem- 
bers of minority groups, or that are handi- 
capped. Traditionally, innovation takes place 
in affluent schools. Second, through the de- 
tailed and highly individualized feedback pro- 
vided by the computer, students acquire hab- 
its of precision in their work. Third, increased 
student motivation and decreases in vandal- 
ism and truancy were reported. Finally,.stu- 
dents learned basic skills in reading and math. 

Evaluations led to the foUowing findings: 

• Federally supported R&D had a major im- 
pact on the state of the art in computer- 
based learning ^d teaching. Support 
from OE and NSF R&D at Stanford Uni- 
versity significantly influenced the devel- 
opment of curricula and methods of com- 
puter-based learning. 

^ • The focus of the Elementary Secondary 
Education Act on the disc^dvantaged re- 
sulted in the development and implemen- 
tation of high-technology systems that 
are effective in providing such students 
with basic skills. 

• Numerous evaluations of the use of CCC 
curricula by a wide variety of students 
have all clearly demonstrated that, when 
used as recommended, they are effective 
in increasing achievement levels inJiasic 
skills. 



Impacts 

Nearly 1 million students have used CCC 
curricula over the past 10 years. In the 1981-82 
school year, about 200,000 students from 30 
States, most of whom are from disadvantaged 
homes in inner-dty and rural environments, 
used them on a daily basis. CCC educational 
materials are paid for with title I and other 
Federal categorical aid. 
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Case Study 4: CONDUIT 

CX)NDUIT is a 10-year-old nonprofit orga- 
nization that packages and distributes high- 
quality computer-based instructional materi- 
als to colleges, universities, and Secondary 
schools. In 1971, when CONDUIT was con- 
ceived, the major barrier to instructional coin- 
puting was a lack of quality learning materials 
and computet; software. Although materials 
had been developed at universities and col- 
leges, they were being used only at the 
originating institution. No organization ex- 
isted to distribute instructional programs. 
Because there were so few programs available, 
there was no visible market large enough to 
justify investment by commercial publishers. 
Without distribution mechanisms or author in- 
centives, few high-quality materials suitable 
for distribution were being developed. 

Established as a partial solution to this 
problem, CONDUIT was intended to provide 
the Qjpganizational link that would dearch for 
matc^als, test and review them, revise them 
so that they could be use^ at different institu- 
tions or on different computers, and distribute 
these packages to other institutions. 

Profile of CONDUIT Today 

' CONDUIT has received support from NSF 
and the Fund for Improvement of Post Secr, 
ofadary Education (FIPSE). It distributes NSF 
educational materials that are reviewed, well 
, documented, programed for ease of transfer 
to different computers, and kept up-to-date. 
The instructional materials are all reviewed by 
experts in each subject area for conceptucd 
validity, instructional usefulness, and overall 
quality. 

* 

A typical institutional package consists of 
9 computer program written in BASIC or For- 
tran, a student guide explaining objectives 
and methods of its use, an instructor guide il^ 
lustrating course applications, notes explai^; 
ing how to install the program on the com- 
puter, and the programs written in a form that 
can be read by the computer. Programs are 
provided both for use on small personal com- 
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puters and for use on the large timesharing 
computers typically found on imiversity cam- 
puses. 

As of August 1981, CONDUIT distributed 
about 100 different packages for use in college 
and precollege courses in biology, chemistry, 
economics, education, geography, humaijities, 
management science, mathematics, physics, 
political science, psychology, sociology, and 
statistics. CONDUIT has gained an interna- 
tional reputation, distributing nearly 9,000 
packages to 1,500 institutions in all 50 States 
and 12 foreign countries. 

Budget and Financing 

CONDUIT cxirrently operates on a monthly 
budget of about $30,000. Two-thirds of this 
amount is derived from revenues from the sale 
of packages and other publications. One-third, 
or about $10,000, is provided from grants from 
NSF's Office of Science and Engineering Ed- 
ucation Dir^torate and FIPSE. Since its in- 
ception in 1971, CONDUIT has received about 
2.5 million of support from NSF. 

Benefits ^ 

The direct beneficiaries of CONDIJ IT opera- 
tions include students, teachers, and authors; 
commercial publishers; and other groups ben- 
efit indirectly. 

• About 1 million students have benefited 
from using CONDUIT materials, based on 
conservative estimate of 120 student users 
per package. (At a large university, one 

^ package might be used by hundreds of stu- 
dents over several years.) 

• At least 18,000 teachers have benefited 
from the availability of CONDUIT materi- 
als, at an average of two teachers per 
package. Because CONDUIT materials are 
so well documented, teachers may readily 
tailor the materials to fit their own course 

' and teaching style. 

• Authors of computer-based learning materi- 
als also benefit from CONDUlt! Over 2,000 
copies of CONDUITS guidelines for authors 
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have been distributed and over 100 have 
had their materials packaged. Authors are 
rewarded by having their materials widely 
used, and they receive royalties on sales. 

• Copunercial publishers are also indirect ben- 
eficiaries. Now that the commercial viability 
of* instructional computer materials has 
been demonstrated, commercial publishers 
have become more interested in marketing 
such materials. 

• CONDUIT serves as a useful model to other 
groups both within the United States and 
in other countries. The Northwest Regional 
Education Laboratory drew on CONDUIT 
expertise in establishing MicroSift to 
evaluate educational software for precoUege 
applications. The British have drawn heav- 
ily on the CONDUIT model in establishing 
a similar network. 

Findings 

• Sustained Support— CONDUIT received 
sustained support at somewhat below half 
a million dollars per year, from NSF for sev- 
eral years before there was any significant 
payoff. 

• A boa t 40 percen t . of COND UIT packages 
were originally developed under Federal 
grants. Thus, it has provided an important 
dissemination function for oirriculum devel- 
opment work. 

• It is possible for the Federal Government 
to make a major contribution to improving 
education through a minimal dollar invest- 
ment, by the creation of an appropriate or- 
ganizational entity: By 1972, numerous 
studies had concluded that no existing 
organization could perform the functions 
necessary to break the cycle of barriers to 
development and dissemination of educa- 
tional computing materials. A new kind of 
organization would be needed. Many dif- 
ficulties were encountered in attempting to 
establish such a new organization. A few 
key individuals in acadeipia and NSF were 
committed to the idea, however, and it was 



' through their sustained efforts that the 
organization finally became a viable entity. 
CONDUIT'S relatively low level of Federal 
support, and thus low visibility for several 
years, was probably an advantage in work- 
ing Qut the numerous technical, political, 
and educational^ problems involved. 

• CONDUIT could not have become a viable 
organization had it not been able to use the 
revenues from the sale of packages for its 
continued operations. This posed many 
legal and contractual difficulties for NSF. 
However, after prolonged negotiations, fi- 
nancial arrangements were made that en- 
abled CONDUIT to become close to self- 
sustaining. 

• Coordination With Other Programs and 
^Projects.— The NSF Science Education Di- 
rectorate encouraged projects supported by 
its other program areas to coUaborate with 
CONDUIT. This collaboration provided im- 
portant links to developers of exemplary 
materials and also provided the develop- 
ment projects with guidance on how to 
make useful products. 

• The support of established institutions, 
while essential initially, has become less im- 
portant over time. CONDUIT was original- 
ly established as a consortium of major 
educational computing networks and uni- 
versity computer centers. These institutions 
and networks provided the testing ground 
and data base for the early CONDUIT in- 
vestigations into the area of sharing and 

^ transporting edu(iational software. 

• It is possible to increase the supply of high- 
quality, marketable materials by conveying 
appropriate guidelines and standards to 
authors and developers. CONDUIT has 
found that as more authors and develop- 
ment projects use its guides, the amount of 
quality materials available for distribution 
has increased. 

• From 3 to 4 years are needed in order to 
realize a return on investment for quality 
computer-based instructional materials. 
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This figure may be shortened somewhat as "In creating and demonstrating the market 

the number of computers increases. How- for high-technology materials, quality of 

ever the present situation is such that the products is more critical than quantity, 
time period required for return on invest- 
ment is too long for most commercial pub- 
lishers. 
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Chapters 

Conditions That May Affect the 
Further Application of Information 

Technology in Education 

When attempting to forecast how, when, and where information technology 
might be utilized in the education process, particularly by publicly funded institu- 
tions operating on the elementary, secondary, and postsecondary level, it is nec- 
essary to look at what is and what is not known about present uses and potential 
applications^ While certain forms of information technology— television, for 
exampk— have been in use in education for a number of years and niBy be evaluated 
based on widespread applici^tions (e.g., the programing develc^)ed by the Children's 
Television Workshop), other forms of technology— such as the microcomputer and 
the video disk— are relatively new and in what might be described as the initial 
stages of utilization. 

Whether or not these technologies live up to their potential in educational 
environments such as the s^ftiool, the workplace, and the home is difficult to predict, 
even in light of successful demonstrations made possible through public and private 
funding. A discussion o^ what is known about current conditions and common 
perceptions in segments of the education conununity where technologies have had 
some impact aii(f a description of perc^tions of hardware and software vendors 
about the structure and potential of the education niarket are the best means to 
gain an understanding of the circumstancea^at now prevail. 



Available Data on Educational Applicationi^ 



Since few measures have been made of how 
information technology is presently being ap- 
plied in public and private schools, this discus- 
sion is limited to interpretations of data col- 
lected about the use of microcomputers, ter- 
minals, video cassette recorders, and video 
disks. 

MicrocomputerB and Ter m i n als 

Based on results of a 1980 survey of a sam- 
ple of 679 of 16,834 school districts in the 
United States, it was projected that about one- 
half of all districts had one or more computer 
terminals available for student use. Within 
these districts, approximately one out of four 
schools (or one-half of all public institutions 
on the secondary level, 14 percent of those on 
the elementary level, and 19 |>ercent of the 



/ 

v6cational, sp^al education and other types) 
had at least one microcomputer or terminal 
dedicated to student instruction Isee table 27). 
This number seems large in the aggregate. 
However, within individual school districts 
computer availability to individual students 
is severely limited. About 18 percent of the 
local education agencies— the majority small 
districts of 2,600 students or less— had no 
plans to initiate computer-based student in- 
struction for the fpllowing 3 years (see table 
28). It was determined that some 62,000 micro- 
computers and terminals were scattered 
throughout local' school districts for student 
use, with microcomputers outnumbering ter- 
minals by 3 to 2.* A 1982 industry survey con- 



' Student Uae ofOknputen in Scbooh (Wuhington, D.C.: Na- 
tioDAl Center for Education Statistics, 1981). 



o 

ERLC 



141 



133 



142 • InfomrnthnMi Technology and Its Impact vn AmerlCMn Education 



Tabto 27.— Public School DIttrlcit Providing Studontt Aocott to at LoatI Ono Computar for Educatlonar 
Purposoa: UnltaMtataa, 1960 (labia ahtrlat ara achool (Httrtctt providing aecaat) 

Type of school by gradejevi 

Combined elementary/ 
Total (at least ^ secondary schools More than 
one level) Elementary level Secondary level and special schools one level 
Type of access (1) (2) (3) W i^) 

At least one microcomputer or 

one terminal 7,606 2,196 , 6,161 678 1,884 

(in percents of column 1) 

At least one microcomputer or 

one terminal 7.606 29 87 9 25 

At least one microcomputer 6,631 29 84 9 22 

At least one terminal 2,973 21 99 5 25 

At least one microcomputer and 

one terminal 1,996 17^ 95 . 3 ^5 

NOTE Column 1 rwQn—nf \hm undupllctttd numb»f ol dUtrtcti providing accsM to computcrt «t any i«v»l. Slnc« •ofn« districts mak« computers cvaliabl* it mont 
than oo« typ« ol school. th« pwcapts^n cols. 2-4 Inctuds dupHcatsd counts of districts Th« diffsrsncs batwssn th« total dupllcstad counts (cols 2-4) and tha 
undupllcatad count (col 1) rapraafnts tha parcant of districts providing computar accass st mora than ona iaval (col. 5). 

SOURCE; Student Ltoa of Compufn in School* (WaahlnQton. DC: National Cantar for Educational Statistics. 1961). 



labia 28.— Availability of Computara Within 
DIatrlcta: Unltad Stataa, Fall 1080 

By numbmr of compufn pmr district 

Number of avaJlable Districts providing access 

computers per district To microcomputers To terminals 

At least one 6,631 2,973 

(in percents) 

At least one 100 100 

One 40 35 

2-4 37 37 

5-10 13 14 

11-20 6 6 

More than 20 3 8 

^_ — ■ ■ — ■ 

By ths numt)0r of schools with acceaa, psr district 
Number ofTchools Districts providinQ access 
with access per At elementary At secondary 
district schools schools 

At least one ... . 2,196 6,61€ 

(In percents) cT 

At least one 100 100 

One 56 68 

2-4 24 25 

.5-10 13 6 

11-20 4 (a) 

More than 20 3 (a) 

*f awar than 1 parcant 

NOTE Pafcants may not sum to 100 bacausa of rounding. 
SOURCE: srudianrs UM of Compufn in School* (Waahlngtoo. D C.: National 
Cantar for Education StJrtlstlcs. 1081). 

ducted by Strategic, Inc., provides forecasts 
of microcomputer usage in public and private 
elementary, secondary, and postsecondary 
schools as well as projections of micro- 
computer cotirseware sales through 1990. 
Assuming a total new shipment base of 96,000 



unitp of hardware in 1980, there will have been, 
by the end of 1990, 2,030,000 such shipments 
to schools. In addition, by the end of 1990 the 
installed base of microcomputers will grow 
from 70,000 in 1980 to 8,860,000, with the 
average cost per unit dropping from $2, 100 in 
1980 to $1,100.' Computer courseware sales 
are expected to increase during the same 
period from $4.7 million to $267.5 million. If 
the projected aftermarket (the sales carried 
over from previous years, including course- 
ware sold with microcomputer systems and re- 
placement software) is factored ii|to the pro- 
jection, the total sales figure is expected to ripe 
from $6.4 million in 1980 to $699.1 million (see 
table 29.) 

In yet another study of the potential 1980 
educational market for hardware sales, schools 
represented the smallest of five potential 
markets. TTie other four— in I'ank order— were 
small business, scientific, home and office, but 
a projected growth rate of 300 percent by 1986 
would place annual sales at $146 million by 
that year.* However, by 1986, the school 

Tha nawett ganaration of horns computan now mU for Ba- 
twMn 1300 ftnd 11,000, which hu tasAs it poMible for many 
nuMpe partntt to conaidtr purchaaing thtm ss •ducational aids 
for th«ir childrtn ("Tha Moom ComputM- ArrivM," Nsw York 
Timss, JuM 17. 1982, D-1, D-6). 

nntMvitw with D«ii« P. Hay, DirKtor, U.S. CUnt Ssrvkss, 
StrstMtfic, Inc., San Joat, Calif., ragardinf raport antitlad Up- 
dstB on EducMthasl Softwsrs: Convsrging Tschnologiss mad 
Sttstsgiss, r^MMTt No. 1600, 19B2. 
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Tabto 29.— Total Shipmontt of Mtcrocqmputart 
In Public and Prfvata Schools Oporating on tha 
Elamantary, Secondary, and Postaacondaiy Lavala' 
and Foracasts of Courtawara Salaa 



Toiai ehipmente 


1$$0 


19$5 


End of 1990 


Total naw 








•hipmants . . 


36,000 


600,000 


2,030,000 


1 natal led base . 


70,000 


1,630,000 


8,860,000 


Average cost 








per unit — 


$2,100 


$1,600 


$1,100 


ClM«re#«rarv Miee 






New courseware 








sold 


$4 7 mimon 


$77.3 million $257.5 million 


Aftermarket 








sales (carry- 








over from 








previous 








years and 








coursware 








sol^ with 








systems) . . 


$1.7 million 


$51.5 million $341.6 million 


Total 


$6.4 million 


$128.8 million $599.1 million 



SOURCE MpdAfw on EducMlfonsi Softwan. Convrglng X9chnok>Ql99 and 
8tr»fiil»» (San Jom. Calif 8tr«l«glc. Inc , 1062) 



market was projected to grow at a rate of 300 
percent, placing annual sales at $146 million 
by that year. 

Other factors complicate this pipture of mar- 
ket potential. In a 1981 study of 16,442 school 
districts, it was found that 42 percent had at 
least onettl^ocomputer (6,441) with 43 per- 
cent of these being senior high schools. Junior 
high and high schools with larger enrollments 
were found to be the most likely to have ac- 
quired microcomputers, as were those schools 
with per-student instructional materials budg- 
ets of over $60,000.* 



Video Cassette Recorders 
and Video Disk 

The growth rate of the general market for 
video cassette recorders is expected to be very 
high, based on 1980 estimates of 1.6 million 
recorders and 6 million prerecorded cassettes 
sold; However, there are no projections that 
differentiate the education or school market 
from other markets such as the home, so 
growth in this type of utilization is hard to 
predict.* 

Views differ about the potential popularity 
of video disk, even in light of successful pro- 
grams such as the "First National Kidisc.'' 
One study e£itimated that sales to all types of 
consumers were less than 60,000 in 1980, al- 
though manufacturers predicted that 260,000 
imits and 6 million video disks would be sold 
in 1981.* Another market analysis, conducted 
by Strategic, Inc., in 1982, Suggests that by 
1986 when educational programs and disks 
become more widely available, over 260,000 
video d^k players integrated with microcom- 
puters will be in use. Again, this analysis does 
not isolate the school market. At present. 
Department of Education officials estimate 
that there may be less than 100 video disk 
units in place in schools.^ 



^''Market Survey Diicovers Where the Micros Are. 
tronk Ltsrning, Mvt^h/ April 1982, p. U. 



*'*VideopubUfthing: Licensing, Manufmcturing and Diitribu- 
tion." LINK Aemarbli MmorMndum, vol. 2, No, 16« December 

1961. 
Mbid. 

T. B. Withrow and L. O. Robwta. i'The Vldwdiac: Putting 
Education on a SOvar Plattv," Ehctronk Lsmiag, May/June 
1982, pp. 43-44. 



Climate for Use of Information Teclinology 

in the Schools 



Infonnatjpn gathered in this study about 
the use of information technology in selected 
school districts seems to indicate that the 
computer-based education is far and away the 
most accepted at this time. As the case studies 
in this report illustrate, computer literacy pro- 
grams for instructors and students represent 



the most common usc^, followed by drill and 
' practice and some simulation exercises. Com- 
puter literacy courses are particularly popular 
in some areas on the junior high level.' 



*A. Luehnnann, "Computer Literacy: What It la; Why It's 
Important," Electronic Lemming, May/Juno 1983^, pp. 20, 22. 
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A 1980 survey of school districts sponsored 
by the National Center for Education Statis- 
tics (NCES) confirms the widespread frequen- 
cy of computer literacy coiu^ses within schools 
with at least one terminal or microcomputer. 
NCES also cites cases where the computer has 
been used improve student learning* in 
selected subject areas and to stimulate high 
achievers. Less than half of the districts 
responding to the survey utilize the computer 
in remedial and compensatory programs. 
When sample districts contacted in the course 
of the survey were asked to identify opera- 
tional and planning needs critical to the initia- 
tion of use or to the expanded use of computer- 
assisted instruction, the two nlost frequently 
mentioned were teacher training and greater 
variety of instnictiona\ software programs. 

Approximately one-third of all districts indi- 
cated the need for assistance in program plan- 
ning, technical support once programs are ini- 
tiate, and financial assistance for hardware 
and software purchases.* Taken together, the 
OTA case studies of local school districts show 
that funding often became a critical factor in 
the use of computers in education, especially 
in light of reductions in Federal support to 
schools, as well as diminishing State and local 
resources. When traditional funding sources 
in these districts were insufficient or unavail- 
able for establishing computer programs, com- 

'Nitional Onter for Kduc«tion SUtistic*. op. dt. 



puter manufacturers or foundations were ap- 
proached and/or individual parents or PTAs 
Made donations. These efforts were not equal- 
ly successful, since local communities vary 
significantly with respect to the level of 
resources that they can make available for ed- 
ucational activities. 

The lack of available courseware was also 
identified in the case studies as a major 
obstacle to initiation and/or expansion of com- 
puter education programs in schools. Often, 
when hardware is available and when instruc- 
tors have a positive view of it, the lack of com- 
mercial courseware induces teachers to create 
their own courseware either through use of 
school purchased authoring systems or other 
means. The quality of this courseware varies 
significantly, frequently because instructors 
have mastered— usually on their own initi- 
ative—only the basics of the authoring system 
or programing language. 

In some instances, the price of the course- 
ware may be an obstacle to more widespread 
computer use. Table 30 includes ijlformation 
on, the average prices, which range from $37.00 
to over $200.00, for courseware available for 
sale through industry. Government, and 
foundations.^^ 



'•A. Bork. Largtf Scmk Ptoductioo mnd DiMtributida of Com- 
fHiterAkM Umming Modukm (Irvine. Calif.: Educational TKh- 
nology Center, Unlveraity of California, n.d.). 

"TTie EdqcmtioaAl MicrocoiDputsr Softwan Mmrkat (Oak 
Park. lU,: TALMI8. 1981). 



labia 30.— TYi« Eductllonal Court«war« Industry 

" ' " rnvVstment ^ Sales Production 

D«v«lop«r/dl8trlbutor Total Average Total Average/median Number of products Average^prlce 

(X 1,000) (X 1,000) 

Scott Foresman $1,000^ Si, 000- (b) (b) 10 $208.38 

Other ED /AV PuDllsherB $2,121 $177 $1.3371 $90/$45 M $203.31 

Hardware manufacturers $865 $188 $1,670 $4ia/$165 66 $50.75 

Softwarehouses $1,574 $87 $4,528 $242/$lO0 , $4875 

Small developers*^ $4,800 $31 $2,500 $15/$10 1,500 2,500 $3773 

Government foundations r $U00 (d) $8pp (d) ^I'^^P^^j 

Total $ri.280 J40 $10,887 $37/$56^ 2,^-3,000 ^SO-^^ 

NoH^Xll d«tVpfwW«d l» for 11^^ t^•0 through ^un« t«1 Only Only producti avaJlabit durtng thtt P«Mod f Includtd 

■PuWlth^d •pprojtlm«llon» TALMIS (lo«» not report any financial Information by company 
Salmis do«a not raporl any financial Information by company 
^ExtrapQlalad from an 1 1 % aampta {— app IX) 
^Oata inaufftclant 

SOURCE TALMIS Annual Raport. 1981 

./.it, 

erJc 
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Incorporating the use of the computer in a 
traditional school environment— characterized 
by set cla^s schedules, primarily daytime pro- 
grams— can present some complex problems, 
even if the t^hnology is highly valued as an 
effective and efficient instructional resource. 
Teacher resistance may also be ,a f aictor, in the 
use, or the extepi of use, especially if limited 
school budgets have resulted in heavier teach- 



ing loads and less time for teachers to consider 
possible new pedogogical approaches. A lack 
of imderstanding of the potential of the tech- 
nology in, the classroom and the lack of in- 
structor knowledge of programing or use of 
authoring packages for courseware develop- 
ment may alsb determine if and how informa- 
tion teclmologies will be applied. 



Hardware and E^ducational Software 
Vendors: Views of the Education Market 



, In addition to conditions that might affett 
the use of technology in the schools, there are 
ceii^ain dix^ tliatmay have a bear- 

ing on how producers of hardware and educa- 
tional software approach the education mar- 
ket—in particidar, publicly funded institu- 
tions. 

Fqr several years, hardware producer9, es- 
pecially manufacturers of microcomputers 
such as Tandy, Apple, and Commodore, have 
attempted to develop the school market while 
cultivating the home market. Apple and Com- 
modore have in sonie instances placed micros 
in schools free of ch^ge, in order to create 
awareness in teachers and administrators as 
weU as to create opportimities for experimen- 
tation/In mo3t instances to date, the com- 
panies were responding to requests of school 
districts. Apple and other producers have also 
been active in pushing for Federal legislation 
that would create tax incentives for the dona- 
tion of computers ^d related equipment to 
elementary and seccmdary schools. H.R. 5573,^ 
"The Technology Education Act of 1982," in- ^ 
troduced in the 97th Congress calls for rais- 
ing the maximum allowable corporate char- 
itable contribution from 10 to 30 percent of 
annual income. The bill was stimtdated by Ap- 
ple's offer to donate computer centers to 



75,000 elementary and secondary schools— a 
gift valued at between $200 million and $300 
million. 

The central problem faced by microcom- 
puter producers and manufacturers of other 
types of hardware, such as the video cassette 
recorder ^d the vidfio disk, is that they can- 
not define the real potential of the school 
market either in its individual.segments or in 
its, aggregate form. A recent industry-spon- 
sored market analysis for video disk, for ex- 
ample, cautioned against being bverly opti- 
mistic about sales to all t3rpes of consumers 
over the next few years.^' And, as is illustrated 
by the variety of different projections on 
microcomputer sales in general and potentidl 
sales to educators in particular, the future 
response to this technology is still open to 
question. Because of these unperiainties, using 
existing sales- strategies with the scliool mar- 
ket as. a way of testing the market potential 
without having to add significantly to miarket 
overhead. However, this approach may further 
impede potential sales, if hardware and soft- 
ware specialists unfamiliar with curriculum 
design and other aspects of school administra- 
tion attelnpt to seU to educators. 



"L/JW Reaearch Memorandum^ op. dt. 



ERIC 



137 



i146 • Infortrlational Technology and Its Impsct on American Education 



Conditions Affc 
Courseware 

A recent issue of Electronic Learning con- 
tains a directory of 200 educational software 
producers.^* An industry-sponsored study con- 
ducted in 1980 identified some 304 educational 
software developers— including » traditional 
print publishers, hardware manufacturers, 
software firms of various sizes, and founda- 
stions and government-sponsored projjBCts (see 
table 31). Although, these numbers n^ould seem 
to suggest that the educational courseware 
business is thriving, this is not the case. There 
is considerable skepticism— especially within 
the software industry— about the school mar- 
ket and its potential. Industry representatives 
interviewed in the course of the 1982 Stra- 
tegic, Inc., survey were concerned about the 
difficulty of segmenting the software market 
in order to develop products targeted to par- 
ticular grade levels and subject matter needs. 
Print publishers who have entered the in- 
dustry are doing so judiciously in most cases 
by adapting existing textbooks to machine- 
readable fonp or by creating software to 
enhance existing textbooks and other hard- 
copy materials. This situation differs from 
that in the software development market for 
personal computers where there are now some 
1,000 active firms and over 5,000 available 
programs. Some hardware and software 
firms have developed authoring systems for 
usel^y educators, but commeircial courseware , 
now available does not meet many of the needs 
of local school systems. Coursewco-e quality is 
also of concern to some educators. At the same 
time, the up-front costs associated with 
coijrseware development— estimated by one 
industry representative at over $250,000 per 
package-ris more than most firmtf, given the 
marke|; uncertainties, want to risk on an 
**\uiknown quantity." The Department of 
Education's recently annoimced 'Technology . 
Initiative" provides for matching funds to be 
made available to commercial software devel- 



'Electronic Timrning Software Directory/' Electronic Leam- 
ing, May/June 1982, I-A-IO-A. 

i«"U8iiig Personal Computers/' LINK Research Repo^ vol 
"3. No. 1, 1982. 



cting Commercial 
Development 

Table 31.— What Ara tha Industries 
> Competing for Business 

Educatlon/AV pubHahera^-Comp^nles traditionally supply* 
ing books and AV products to the school marketplace. 
12 companies during the period under study (18 with 
products as of September 198>) including: 
Educational Activities 
Milliken 
^ Random House 
Scott Foresman 
SRA 

Society for Visual Education 
Sterling Swift Publishing 

Hardware manuAicfi/rtri— Microcomputers manufactures 
deveiopihg courseware products for the schools. 
5 companies, including: 
Apple 
Atari 

Commodore 
Tandy 

Texas Instruments 
Software twueee — Software companies selling more than 
$85,0C)0 in courseware or companies with total software sales 
over $150,000. 
19 corrjpanies, including: 
Brain Box 

Creative Computing Software 
Data Cornmand 
EdU'Ware 
Hartley Software 
Micro-Ed 
Microsoft 
MUSE 

Programs Design, Inc. 

Small developer*— SoftyN are companies selling less than 
$85«000 in courseware and with total sales of all products less 
than $150,000. 
Approximately 250 companies (13.6% sampled for this 
report— see app. I)k), including: 
Avant-Garde Creations 
Betamax , 
Bluebird's 

Cook's Computer Co. 
Custom Computer 
Educational Courseware 
Micropi 
Teacher's Pet 
T.H.E.S.I.S. ■ 

Teach Yourself by Computer 

Foandatloine and Qovemment-eporteored proJecte—OrQBf 

nized development and dissemination projects sponsored by 
private foundations, schools, and local. State, or Federal 
Government. ' 
Approximately 12 agencies, including: 
Apple Education Foundation 
CONDUIT 

Department of Education 
MECC 

National Science Foundation 

SOURCE; Th€ EducaHonsI MfcrocomputMr Softwan MMrkMt (Oak Park. III.: 
TALMIS, 1961). 
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opers to assist in the creation of courseware 
for the schools that, because of market size, 
may not otherwise be developed. It is 9till 



unknown, however, whether this incentive will 
be sufficient to attract more commercial 
intjarest. 



Summary of Current Conditions 



Given what is known about present applica- 
tions of information technology in the schools, 
it is clear that the use of computers and other 
forms of technology is far from being institu- 
tionalized at this time. Linuted school funds, 
educators* limited recognition of the potential 
of the technology, limited computer literacy 
among instructors and students, and the lim- 
ited variety and range in high-quaUty, com- 



mercial courseware have aU contributed Co this 
situation. It is difficult to predict when or if 
conditions in publicly funded educational in- 
stitutions will change. However, expanded usei 
of information technology— especially compu- 
ters—in the home and in the workplace may 
result in pressure from parents, students, and 
even emplcQrers on local school districts to 
utilize technology in the instructional process. 



9 
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Chapter 9 

Federal Role in Education 



The Federal Government has long been in- 
volved in encouraging or providing financial 
assistance to State and local educational agen- 
, des. The first Federal aid to education oc- 
curred with the passage of the Land Ordinance 
in 178^. Federal aid continues today in a vpry 
expanded capacity. 

Most Federal education initiatives often at- 
tempt^ to address or remedy issues not .di- 
rectly related to education. For example, the 
early land grants were designed not only to 
ensure public education in the newly formed 
territories but also to ''make public Icmds more 
attractive to prospective buyers.'*' In the 19th 
century, the Morrill Act was enacted to re- 
spond to the growing educational need for 
practical higher education in the areas of sci- 
ence, agriculture, and industrial training. Simi- 



'L. E. GUdieier and T. R. WoUnin. Coagnea and the Colkgee 
(Laxington« Mam.: Lexington Booka. 1976). 



larly, in 1917 a vocational education act was 
passed to reorient local education programs 
to meet the needs of changing labor mar^etsr- 

By the 1950's, an expanded Federal role in 
providing educational services was deemed 
necessary. Support came in numerous forms, 
from granis for school construction and veter- 
an assistance to impact aid programs. By 1965 
a Federal role in education had been generally 
accepted. The questions raised were no longer, 
what role, if any, should the Federal Govem- 
meint play; instead, Congress sought to deter- 
mine what type of investment should be made 
and where and how it would be most effective. 
The "how'' signifiedvthe next important shift 
in the educational deoate— from Congress to 
the comics. Today many educational issues are 
resolved in the judicial arena. In resolving, 
these issues the courts rely on interpretations 
of the constitution as well as on recent educa- 
tional legislation. 



>^ Education 

The Early Years: 1642-1860 

\ 

In 1642, the Massachusetts General Court 
passed the Massachusetts Bay Law establish- 
ing a precedent of local responsibility for edu- 
cation. This act and the subsequent legislation 
of 1647, the Old Deluder Law, whiqh called for 
the creation of loc€d public schools according 
to population size, were extended on a national 
scale in 1786 by the passage of land ordi- 
nances. Under these ordinances, moneys were 
set aside from the sale of lands and dedicated 
to the maintenance of public schools. This 
principle of F^eral aid was consistently af- 
firmed through a series of land grants (State- 
hood Acts) throughout the next century. His- 
torians have debated the inteflt of the legisla- 
tors in these actions— whether this effort signi- 
fied a concerted attempt to preempt State 
rights in educational matters. Nevertheless, 



Legislation 

98.5 million acres had been set aside for educa- 
tional purposes by the Federal Government.' 

The omission of education from express in- 
clusion in the constitution has often been the 
focus of the deb'ate concerning the extent of 
the Federal Government's role in the educa- 
tional system. Despite its absence, the framers 
and other leaders of the time repeatedly called 
for such a Federal role. Most of the proposals, 
however, were directed at higher education. 
For President Washington, a Federal role was 
important for three reasons. First, there was 
a desire to encourage a strictly American ratl^ 
er than a European education. Second, he per- 
ceived that nationally sponsored education 
would eliminate sectional and local prejudices. 
' And third, as indicated in his Farewell Ad- 

'S. W. Tiedt, The Roh oftba Fadand QovanmmBtin Educa- 
tioB (New York: Oxford Uniyertity Pnaa, 1966). 
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drees, Washington considered ''the promotion 
of political intelligence as a national safe- 
guwd." Despite his urgings and the urgings 
of other leaders, the principal of local control 
as set forth in the Massachusetts Bay Law re- 
miuned constant.* 

The land grants and the Enabling Acts or 
Statehood Acts are the most comprehensive 
Federal policy implemented during this time. 
Other individual educationally oriented proj- 
ects were passed by Congress but they were 
aimed at specific educational concerns such as 
the founding in 1802, of the U.S. Military 
Academy ^it West Point. 

Other Federal aid during this era took the 
form of surplus revenue from the Treasury De^ 
partment. Moneys were distributed to the 
States but had no specific target. Much of the 
surplus revenue was channeled into the public 
schools by the States. Also the Preemption 
Act of 1841 and the granting in 1849 of lands 
to the States by the Federal Government con- 
verted further Federal moneys to the public 
schools. 

During this time, universal public education 
became accepted. This new system of public 
education was accompanied by the develop- 
ro^t of a professional class of educators. By 
the closing years of the 19th century, this 
group became a highly effective educational 
lobby. 

The Years 1860-1930 

r 

Between 1860 and 1930, the role and influ- 
ence of the Federal Government in the educa- 
tional system increased markedly.^ Although 
this^growth was, to a great extent, the result 
yy[ the Civil War, it was also dictated by the 
^lation's shift to an industrial society, coupled 
with great demographic changes. More impor- 
tMitly, the U.S. Government in the post-War 
^ pOTiod pursued many heretofore State and lo- 
^ cal concerns of which education was-just one. 
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Much of the post-Civil War activity was di* 
rected at rectifying regional inequities in the 
South. Educational measures enacted by the 
Republicans allowed for unprecedented Fedei>. 
al influence in southern institutions. Also, the 
illitwacy rates in the Nation, particularly in 
the South (42 percent rate of illiteracy), were 
extraordinarily high, necessitating some sort 
of Federal remedy. 




J he passage of the Morrill Act of 1862, 
ch set aside land for the establishment of 
schools, sigi]^ed the first such Federal aid to 
schools.* However, unlike earlier land ordi- 
nances, the act's target was institutions of 
higher education. The arguments in the debate 
over the Morrill Act are strikingly similar to 
those raised in educational debates today: its 
constitutionality, the preemption of States 
rights, its selectivity of focus, and the cost of 
the legislation, were all dted as cause for de- 
feat. In its favor were arguments citing a dem- 
onstrated need for agricultural, industrial, and 
scientific and technological training, and citing 
regional inequities in need of remedy.^ 

The Mxt significant Federal initiative was 
the creation of the Office of Education in 1867. 
IJpRiebate concerning its establishment, while 
continuing to focus on what role, if any, the 
Federal Government should play in traditional 
State and local affairs, also raised the ques- 
tion of public V. private education. A Federal 
role was seen as posing a threat to private edu- 
cation, and the Catholic Church lobbied exten- 
sively against the biU. The education depart- 
ment that ultimately emerged was empowered 
to coUect educational data and statistics, to 
disseminate information concerning education, 
and to encourage educational endeavors. Es- 
tablishing a Federal role, the creation of the 
Office of Education lead to the formatio^f 
congressional committees with specific edtSRa- 
tional responsibilitiefi^. In 1869, the Depart- 
ment of Education was relegated to bureau 
status and was transferred to the Department 
of the Interior. By 1930, the bureau was af- 
filiated with the Federal Security Agency and 
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later with the Departmelit of Health, Educa- 
tion, and Welfare.^ 

Two other acts were passed before the close 
of the century, die Hatch Act of 1887 and the 
second MorrUl Act. The former added agricul- 
tural experimental stations to the land grant 
colleger, and the latter committed additional 
Federal funds to certain preas 6f higher educa- 
tion. 

A number of other educationally related pro- 
posals were considered but not passed. These 
are pertinent because in many ways they 
formed the framework of the educational de- 
bate that conUnues today. The Hoar bill, intro- 
duced in 1870, sought to establish a national 
' system of education. It proposed the creation 
of "satisfactory common schools, and where 
the States failed to do so, to authorize the Fed- 
eral Government to provide them. ' Hoar en- 
visioned his proposal as one of . . protection 
forAmerican economic interests. No American 
sjtatesman will be unwilling to give the Ameri- 
can workman the advantage in the great in- 
^ dustrial competition which results from supe- 
riority of knowledge. The bill did not specify 
Federal aid, but instead Advocated that a Fed- 
eral standard be set jiationaUy for schools. As 
such, it represented to some an intrusion into 
State concerns. As with other initiatives of the 
time, it was specificaUy targeted at southern 
institutions. 

The Hoar bill resulted in the coalescing of 
positions of professioncd groups concerned 
with educational issues. It also created an 
awarenea3 in Congress of the issues involved 
in an educational debate. The National Educa- 
tion Association (NE A) roundly denounced the 
legislation because it specified a Federal role 
but not Federal assistance. The Catholic lob- 
by viewed the legislation as an intrusion into 
Catholic educatio^al practices and as an attempt 

^Ibid. 
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to create one educational norm for the coun- 
try. Moreover, this bill, along with others dis- 
cussed below, raised is^es concerning the 
Federal role and Federal assistance that were ^ 
not ii|dedved until 1965 with the passage of the 
Elementary and Secondary Education Act 
(ESEA). The issue of equity associated with 
V a single national standard is in many respects 
\^iinilar to those parts of ESEA that allocate 
moneys for the educationally disadvantaged* 

Two bills, the Pearce bill of 1872 and the 
Burnside bill of 1879, proposed a national fiind 
for public education from the sale of public 
lands. The earlier bill sought to assist States 
that would provide free education to children 
between the ages of 6 and 16. The moneys 
raised were to be used for teachers' salaries. 
It is interesting to note that the bill was 
amended to recognize segregated schools; 
thus, it signaled a recognition of race as an 
issue in the educational debate. The latter lull 
differed in that land grant colleges were eligi- 
ble to receive one-third of the educational 
grants from the land sales. In addition, the 
educational fund was to be supported with sur- 
plus moneys from the Patent Office. These 
revenues, combined with those from the land 
sales, were to be invested in U.S. bonds, thus 
establishing a permanent educational fund. 
Both bills failed to pass both houses. They also 
signified a return to the segmented as opposed 
to a national approach to educational ^n- 
cems. 

Although no education bills were passed in 
this decade, they did serve to raise issues cen- 
tral to the education debate. A concurrent de- 
velopment was a significant growth in orga- 
nized educational advocacy groups and lob- 
bies. For example, NE A eocperienced unprece- 
dented development and growtR'^as a profes- 
sional group and lobby that coid^wholesale, 
either support or reject educauon measures. 
This had not happened previously. 

The education legislation considered in the 
1880's differed from previotis funding mecha- 
nisms in that it sought to provide Federal rev- 
^ enue for education directly to the States. It 
also proposed temporary aid as opposed to 
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long-term aid. In this regard, the Blair bill, in- 
troduced five times in this decade and passed 
by the Senate three times, is of particular in- 
terest. It stipulated that Federal aid should 
be provided for 10 years to address emergen- 
cy conditions in the South, that States were 
to supply matching funds, that funds were to 
be distributed according to State illiteracy 
rates (of persons over 10 years old), that de- 
jjominational schools were to be excluded, and 
that the funds were to be granted within Fed- 
eral guidelines. 

More than any other^education legislation, 
the Blair bill brought educational issues to the 
fore. None of the measures incorporated into 
the bill had ever been addressed together, in 
such a comprehensive way, before. Public 
awareness was stimulated and pressures were 
exerted. Groups that actively participated in 
the Blair bill debate included not only NEA 
and the Catholic lobby but also Protestant de- 
nominations, business interests, agricultural 
interests, the press, and political parties. For 
the first time, education was included as a 
platform issue by the Republican Party. The 
Democratic Party strongly advocated State's 
rights^ and local authority over education pol- 
icy. 

The first education-related proposal enacted 
in the early part of the 20th century was the 
Smith-Hughes Act of 1917. It provided match- 
ing funds to States for developing curricula 
in agricultural, industrial, and home econom- 
ics; for administrative costs; and for teachers' 
salaries. This act was amended continuously 
until 1968. The George-Barden Act of 1946 in- 
creased the number of vocational education 
programs and placed administration of these 
programs in the Office of Education. From 
then on, the amendments to the legislation 
reduced the Federal role in^ agricultural areas 
and placed more emphasis on education for the 
disadvantaged. 

Very little educationally oriented legislation 
was considered or passed during the next sev- 
eral decades. Between 1935 and 1943, the Na- 

**P. Morgan, "Academia and the Federal Government," Poi- 
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tional Youth Administration (NYA) channeled 
funds to a number of institutions in support 
of work study programs. Over 600,000 stu- 
dents benefited from the NYA programs." 
Some teachers and some school construction 
were funded imder a variety of New Deal pro- 
grams (CCC, WPA, and the Federal Emergen- 
cy Relief Administration), but none of these 
measures signified an increased Federal role. 
This scarcity of legislation was due primarily 
to the Nations' fiscal crisis and to the fear by 
legislators that any program once instituted 
would become permanent. 

Several education bills were proposed dur- 
ing the 1930's and 1940's that reintroduced 
the concept of general Federal aid, but none 
were successful. A bill for a student loan pro- 
gram, the first of its kind, passed in 1943. Jun- 
' iors and seniors in high school and graduate 
and professional students in the fields of sci- 
ence, health, and engineering were eligible for 
federally sponsored loans if, following comple- 
tion of their studies, they joined the war ef- 
fort. Also, the Serviceman's Readjustment 
Act of 1944, the GI bill, and Public Law 16 
* for disabled veterans were passed. The G I bill 
was amended to include Korean veterans. As 
with the case in secondary education, a pat- 
tern of connecting educational legislation to 
other national concerns was also set in higher 
education. ''Its (the Government's) interest 
was confined to using higher education to deal 
with specific national problems."'* The legisla- 
tion did revive the religious and racial contro- 
versies. Federal aid to education was men- 
tioned in the Democratic Party platform in 
1944 with the stipulation that any aid pro- 
vided be administered by the States. Aid to 
education was not included in the Republican 
platform until 1948. 

The Expanding Federal Role: 
1950-1970's 

By proposing school construction grants to 
local communities, most of the congressional 
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initiative relating to education in the lOSO's 
sought to drciunvent the divisive religious is- 
sues inherent in the educational debate. It 
therefore became politically attractive to sup- 
port this form of Federal aid, which was based 
on the increasing numbers of children entering 
the school population (baby boom.) In 1941, 
the Lanham Act was passed providing assist- 
ance to local communities in lieu of tax reve- 
nues to soften the impact of the war effort on 
'State and local governments. Moneys were 
allocated to nursery schools and other school- ^ 
related needs and were later expanded into the 
Impact Aid programs. The funds and scope 
of the Lanham Act were increased by Public 
Law 816 and Public Law 874, which provided 
construction and operating grants to State 
and local districts. 

The continuing debate concerning an appro- 
priate Federal role led to President Eisen- 
hower's establishing a White House Confer- 
ence on Education in 1964. The task force 
recommended that the Federal Government 
should provide financial aid to State and local 
communities for educational purposes. It con- 
cluded that there was an appropriate role for 
the Federal Government in educational 
matters. 

The National Defense Education Act (NDEA) 
of 1958 was passed as a consequence of the 
widely held belief that the edvrcational system 
was inadequate in mathematics, science, and 
foreign language instruction. This belief was 
directly related to the successful launching of 
the Soviet spacecraft, Sputsiik. Moneys were 
provided on a matching basis to public schools 
and as long-term loans to private institutions 
for needed eqwpment in these instructional 
fields, for curriculum development, for guid- 
ance counseling, for vocational education in 
defense-related fields, and for teacher training 
in foreign language instruction. The passage 
of NDEA resulted in a substantial increase in 
Federal aid to education. Since Federal dollars 
had to be matched by State and local funds 
under provisions of the act, the ovwall invest- 
ment in NDEA proji^ams was large. Between 
1968 and 1961, t i63i minidir in federal mon- 
ey were disperseid^ Approximately 76 percent 
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of these funds were directed at developing sci- 
ence curricula. 

The passage of NDEA led to an examina- 
tion of Federal role in postsecondary educa- * 
tion. This examinatioi} was also fostered by 
the increasing numbers of students entering 
postsecond^ institutions. The educational 
legislation passed in the 1960's, which in- 
cluded postsecondary provisions, tdgether 
with the legislation passed in the 1960's paved 
the way for major legislation in the 1970's. . 
This steady growth of Federal involvement, 
culminating with the passage of the Educa- 
tion Amendments Act of 1972 (Public Law 
92-318), was similar in process to the develop- 
ment of the Federal role in secondary educa- 
tion. 

Two major pieces of legislation that Con- 
gress passed in the 1960 s were the Vocational 
Education Act of 1963 md the Higher Educa- 
tion Facilities Act of 1963. The former was a 
much expanded version of the Smith-Hughes 
Act of 1917, establishing a permanent pro- 
gram for vocational education and setting 
aside 10 percent of the annual appropriations 
for research and development (R&D) projects 
in vocational demonstration projects. Concdhi- 
itant to the passage of the Vocational Educa- 
tion Act was the passage of two amendments 
to NDEA, that extended the act and increased 
the amount of funds available for student 
loans. The latter provided Federal aid for con- 
struction of facilities at postsecondary institu- 
tions. This act was aptly named the ''bricks 
and mortar act." Community junior colleges 
were covered by this legislation as was the con- . 
struction of libraries at these Institutions.'' 

The next major educational act, the Elemen- 
tary and Secondary Education Act (ESEA), 
was passed in 1966. Its passage signaled an 
unprecedented entry by the Federal Govern- 
ment into educational affairs. Between the. 
passage of these two landmark educatiohal 
acts. Congress and members of the education^ 
al community continuously debated what ah 
expanded Federal role in education should en- 
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taU. In 1964, during the Johnson administra- 
tion, the War on Poverty had become a domes- 
tic priority. ESEA, which was one outcome, 
focused on the poor and disadvantaged child. 
It incorporated a wide range of programs 
which, while ensuring the acts passage by 
.their complexity, ultimately seriously hin- 
dered its effectiveness. However, a diversity 
of interests rallied to support the act. As with 
previous educational legislation, a constituen- 
^ cy was built around a noneducational issue. 
At this time the three main issues to overcome 
in enacting any educational legislation at this 
time were church and state relations. State 
rights versus Federal control, and race rela- 
tions.** 

ESE A provided funds for educational R&D, 
for promoting educational innovation, and for 
assisting State agencies to establish these pro- 
grams. The five original titles addressed many 
issues. Title I provided Federal funds to areas 
with concentrations of educationally and eco- 
nomically deprived children. Other titles of the 
act were designed to assist State agencies in 
various areas: title II— school libraries, text- 
books, and instructional materials; title Ill- 
educational services and resource centers; title 
IV— educational R&D; and title V— State ad- 
niinistr^ve needs. (See appendix of this chap- 
ter.) 

Initially, two poverty indicators were used 
to distribute ESEA funds: based on the 1960 
census: 1) the number of children between 5 
and 1 7 from families with an income of less 
than $2,000, and 2) the number of children be- 
tween 5 and 17 from families with income ex- 
ceeding $2,000 receiving aid under title IV of 
the Social Security Act, Aid to Families With 
Dependent Children. Responsibilities for ad- 
ministering the act rested with both the Com- 
mission of Education and State and local edu- 
cation agencies. 

The act was amended several times. The 
supplemental enactments titles focused on the 
issues of Federal regulation and grants, assist- 
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ance to the handicapped, and bilingual educa- 
tion. ESEA was designed so that its programs 
would be administered by the State agencies 
with local input. TBe Federal role would be to 
distribute funds ana to influence the work of 
the States. Accordingly, control was main- 
tained in the State and local communities, 
resolving one of the major conflicts in the edu- 
cational debate.^* 

Many of the amendments and changes in 
ESEA were effected for political as well as for 
educational reasons. One imanticipatediout- 
growth of the legislation was the use of ESE^ 
as a means of desegregating schools. Title VI 
of the Civil Rights Act of 1964 stated that **no 
person in the United States shall, on the 
ground of race, color, or national origin be ex- 
cluded from participation in, be denied benefit 
of, or be subjected to discrimination imder any 
program or activity receiving Federal finan- 
cial assistance.'' ESEA was chosen as a con- 
duit to enforce this title and to desegregate 
schools. Another reason for modifying ESEA 
was because its meaning was confusing. Every 
title involved different interested parties and 
different funding mechaniams and addressed 
different educational concerns. Enforcement 
and distribution of the funds was administra^ 
by the Office of Education (OE), which tradi- 
tionally relied on the State and local agencies 
for advice and enforcement. OE was split over 
what this massive and complex educational 
legislation meant and how to implement it. 
Many of the changes in the act reflected an 
attempt to resolve these problems. 

Many of the original concerns surrounding 
ESEA still exist; its complexity, the amount 
of funding, and dissatisfaction by State agen- 
cies over Federal regulations. Disillusioned by 
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their concerns, both its proponents and oppo- 
nents sought to amend the act. 

The total fuods allocated to federally spon- 
sored programs ^>pear to be a sizable Federal 
investment in education ($8.8 billion in fiscal 
year 1918-79^. But when viewed as a propor- 
tion of a State'and local education budget, the 
Federal investment seems less significant. 
Federal funds have accounted for between 6 
and 9 percent of State and education 
budgets. Monetarily, then, this influence is rel- 
atively small. 

Concerns by local and State officials over 
regulations designed to enforce provisions of 
the act have been extensive and numerous. 
Many of the regulations resulted"^ from the 
original complexity of ESEA and fi^om the 
ne^ to target funds to (Jiscreet groups with 
special needs. Concerns and fears relating to 
Federal control over State and local education 
programs have not been realized. This has re- 
sulted from a combination of factors: the small 
investment in each program per community 
or per State by the Federal Government; staff- 
ing constraints at the Federal level, making 
**contror' or extensive influence difficult; pro- 
visions written into the act prohibiting such 
authority; and, finally, 3tate pressures against 
increased Federal influence.'* 



With the passage of education legislation in 
the 1960's and 1970*s, the role of the Federal 
Qovemment in education is, generaUy speak- 
ing, fivefold: 

• Promotionof equal oppportunity as exem- 
plified by ESEA, the Education Amend- 
ments of 1972, by grants and legislation 
for the handicapped, 1^ desegregation ef- 
forts and bilingual decisions, and by 
ot^iers. 

• Innovation and stimulation of education 
reform through research grants, teacher 
training, vocational education, reading 
improvement programs, and others. 

• Provision of grants in support of educa- 
tional reseanih— the results of which could 
have broad applications in the Nation's 
schools. 

• Promotion of educational preparation for 
employment, which can be traced to the 
Smith-Hughes Act of 1917. "The school's 
potential contribution to economic pro- 
ductivity was thus the first, and for a loiig 
time, the only expressed national interest 
in education."" 

• Provision of limited funding targeting 
specific needs areas such as planning 
grants for management purposes on the 
State level, equalization reforms for State 
finance mechanisms, instructional equip- 
ment, and others. 
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The Courts and Education 



As ESEA moved into the implementation 
phase, the educational debate moved into the 
judicial arena. The courts have addressed nu* 
merous education-related issues ranging fi-om 
questions of student and teacher behavior to 
those of access to educational reoources. These 
issues, traditionally addressed on the State 
and local level and more recently by Congress, 
have now become the work of the courts* 

The schools have been caught up in the 
complex multiracial and ethnic societal prob- 
lems of our times which involve great moral ^ 



and political issues and which the legislative 
and executive branches of the government 
seem unwilling or unable to resolve. Although 
lawyers and law courts in general possess no 
special expertise in educational matters, they 
have nonetheless been called upon to lend a 
helping hand with these school problems, 
which are fundamentally a function of social 
change taking place'in society over the past 
twenty years or more." 

'M. Hoffsn, ^Uw, Sodaty and tha Schoola," In U»m ofth$ 
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The ulvolvement of the courts in educational 
issues can, from ^ historical perspective, be 
divided into three phases. Prior to 1850, educa- 
tional issues were considered by the judiciary 
as State and local matters with no court role. 
Between 1850 and 1950, the court maintained 
this stance. When many parents brought cases 
before the courts, the courts usually found 
that the 10th amendment declared education 
to be a^State and local respcmaibility. The third 
stage, from 1950 to present, can be character- 
ized as one of active judicial involvement in 
educational issues, particularly by the Supreme 
Court. During this period the courts were in- 
volved in all aspects of education, including 
administration, program development, and 
organization. 

Desegregation.— Court involvement in edu- 
cational matters began in 1954 with the land- 
mark Brown v. the T^pekn Board of Educa- 
UoD decision. In th^Brown case, the courts 
declared that schools that were deliberately 
segregating children on the basis of race were 
inherently unequal a^id thus were creating a 
situation that was unacceptable. "Separate 
but equal" was found to constitute a violation 
of the 14th amendment. This decision not only 
paved the way for desegregating schools in the 
South; it also opened up many other legal 
issues that are still being contested today. 
Nevertheless, the BrowD decision did not truly 
become effective until the passage of the Civil 
Rights Act of 1964.^^ince the Brown case, 
courts have addressed such questions as those 
relating to church and state relations in the 
schools, to free speech, to the financing of edu- 
cation, to curriculum, and to student and 
teacher rights. Most of these cases focused on 
the first and 14th amendments. In general, the 
^courts held that State and local governments 
should retain their authority over moat educa- 
tional matters. ^ 

Religion in the Schools.— In one major area 
of court involvement,' church and state rela- 
tions, the first and the 10th amendments have 
been used to balance competing constitutional 
questions. The courts have drawn a very fine 
line in their decisions regarding religious is- 
sues education, and no clear pattern has 



emerged. The courts have ruled, for example, 
that there^ can be no direct aid to parochial 
schools, yet the States may lend textbooks to 
these institutions. In addition, parents can be 
reimbursed for transportation costs to paro- 
chial schools. With regard to principles of free 
speech. State laws requiring praybrs in public 
schools and those preventing the teaching of 
the Darwinian theory of evolution in public 
schools have been found to be unconstitu- 
tional Similarly, the courts have ruled thfit en- 
forced pledging of allegiance or saluting the 
flag is in violation of the first amendment. In 
general, questions or issues that impose spe- 
cific standards of conduct on students and 
teachers have been found to be unconstitu- 
tional.** 

Parental Right td Educate.— Another area 
of limited court involvement has been the 
question of parental right to educate children 
in the home. Since questions arise from State 
to State as to the legality of home instruction, 
most parents do not openly acknowledge re- 
moving their children from the public school 
system for fear of reprisal from State agencies 
and ensuing court actions. It is estimated that 
there are 1 nullion parents engaging in home 
instruction. Thirty-two States now have legal 
provisions for home instruction, but again, 
these vary from State to State. 

State and Local Funding Mechaniama.— ' 

Nearly one-third of all State and local expendi- 
tures are education related. With increasing 
pressures from the courts, from parents, from 
interest groups, and from the Federal Govern- 
ment to provide educational services, local dis- 
tricts are reexamining the means by which 
their programs are funded. School finance re* 
form comes at a time of declining enrollment 
in many parts of the country and in a climate 
of reduced funding both on the State level (tax- 
payer revolts) and nationally, with budget r^ 
ductions and challenges to the traditional' 
means of funding— property taxes. A brief his- 
torical examination of funding mechanisms is 
merited because funding reforms will affect 
the ability of State and local districts to in- 
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troduce information technologies into their 
schools. 

The educational structure in most North- 
eastern Statep largely followed that of Massa- 
chusetts, in which towns were divided into dis- 
tricts that retained responsibility over educa- 
tional matters including school finance— a 
practice that continued through the 18th cen- 
tury. In the early part of that century, North- 
em States began to exercise minimal control 
over inspection, curriculum, and similar insti- 
tutional concerns* Increasing State involve- 
ment gave i;ise to the growth of State boards 
of education and, by the 19th century, the 
State exercised a good deal of control over 
educational matters through these boards. 
Throughout this time of expanded State juris- 
diction, financial control remained a local 
respQnsibility. 

The South, unlike the North, generally relied 
heavily on the States for both administrative 
tasks and financial support. This practice be- 
came widespread in the post-Civil War period, 
at which time a system of State financing of 
local districts was firmly established. ^ 

In the 20th centiury with the rise of indus- 
trialization and increased urbanization, local- 
ities turned more and moi;^ to the States for 
financial relief from the growing educational 
burden. It became evident at this time, as in 
many of the cases before the courts today, that 
there were wide discrepancies among districts 
on the amount of funds expended per child and 
per school. Some States did increase the fund- 
ing allocations, though the impact was mini- 
mal and inequities remained. 

By the 1960's, spending on elementary and 
secondary education was increasing at an an- 
nual rate of 10 percent, with enrollments grow- 
ing by about 30 percent. In the l970's with 
the rapid decline in enrollments, court chal- 
lenges to the finance syjitems, «nd pressures 
from taxpayers, made school finance reform 
become a topic of debate in moat State legisla- 
tures. Every State established commissions 
to examine the fimandng systems, and 18 
passed legislation to remedy recognized in- 
equities. Thus, the early 1970's was a period 



of heightened activity within the State legisla- 
tures concerning school finance reform. The 
latter part of the decade was a time of court 
interpretations of State laws as well as a time 
of interpreting new legislative actions.*^ 

More recently, cases before the courts have 
focused on financing mechanisms employed by 
State and local governments for school dis- 
tricts. A series of cases have challenged the 
means by which local communities finance 
educational services, specifically property 
taxes. In 1971, the California Supreme Court 
struck down the State's system of financing 
education in the Serrano dedsidn. The court 
found that the California system, because it 
discriminated against those living in property- 
poor districts, violated the equal protection 
clause of both the U.S. and California constitu- 
tions. In the Rodriguez v. San Antonio Inde- 
pendent School District, the U.S. Supreme 
Court rejected claims similar to those in the 
Serrano decision. In this instance, the court 
declared that, although there was inequity in 
^the financing system in this Texas district, 
there was "the absence of any evidence that 
the financing system discriminates against 
any definable category of poor people orthat 
it results in the absolute deprivation of .educa- 
tion— the disadvantaged class is not su^cepti^ 
ble of identification in traditional terms. 

Although |thei{adr(guez decision found that . - 
Texas' financing system was not unconstitu- 
tional, ni|s»rous cases before State courts con- 
I tinue to chaUenge State financing systems. In 
early 1981, 31 cases relating to Serrano issues 
were before the coiuts. The latest chaUenge, 
in New York State, found that that State's 
financing system was, "constitutionaUy defi- 
/dent" in that it discriminated against children 
living in poor districts. Reliance on property 
taxes to raise educational revenues has lead 
to wide diflijparities in New York State. In the 
decision it was noted that, although education 
is not a Federal constitutional right, nor "such 
a fundamental State constitutional right as to 

N. Onibb and S. Michabon. SUtm and Schdok (Luinr 
ton, MftM.: D. C. HMth, 1974). ^ 

»D. L. Klrp and M. G. Yudoff, EducmtlooMl Polky and tb» 
Uw(Bmk0kKy, CdUf.: McCuriian IhibUihlncCorp., 1074|. p. 687. 
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envoke special constitutional protection, it is fore, the- equal protection requirement of the 
an interest of great State importance/' There- State constitution was invoked. 



Federal Role 

Federal support of museums is very recent 
and began with the creation of the National 
Endowments for the. Arts and for the Human- 
ities in 1966. The first program grants to 
museums were initiated in 197 1 by the Na- 
tional Endowment for the Arti. The endow- 
ments provide grants for projects or specific 
endeavors. These funds may not be used for 
operational purposes to support general pro- 
grams. 

Federal support for the general operation of 
museums became available with the establish- ^ 
V ment of the Institute for Museuip Services 
(IMS) in 1977. IMS, now within the Depart- 
ment of Health and Human Services, is de- 



Federal Role 

Libraries beg^ to receive significant 
amoimts of Federal aid only in the 1960's, 
when the Federal Government undertook a 
major effort to provide services and opportu- 
nities to the disadvantaged members of soci- 
ety. The major pieces of legislation that pro- 
vide for assistance to libraries include the fol- 
lowing." j^ft 

• The Library Services and Construction Act 
(LSCA) of 1964. Replacing the Library Serv- 
ices Act, this legislation provided a major 
impetus to the use of and interest in librar- 
ies. Continually reauthorized since then, it 
has served as one of the major channels 
throuj^ which the Federal Government has 
provided assistance to libraries. 

• The Elementary and Secondary Education 
Act of 1965. Title II of this act authorized 
$100 million to be spent by States for school 



"V. H. M«tth«ws, Ubrarim hr Thday and T)amomw*K}v 
dm City. N.Y.: Doubtoday A Co.. 1»7«.) 
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in Museums 

signed to provide funds for rent, heat, lights, 
and the like to museums. This institute has 
no funding support in the current fiscal year. 
Another avenue for support of museum pro- 
grams, again in a limited fashion, is through 
the National Sdence Fo^ndation, which allo- 
cates funda^to science museums, though the 
educational division funding his been cur- 
tailed. 

One of the most crucial forms of Federal sup- 
port, albeit indirect, is through gifts or dona- 
tions to liiuseums by individuals or corpora- 
tions. Tax deductions, made possible through 
legislation, provida important incentives for 
donors. 



in Libraries ^ 

library resources. As a result, libraries were 
established in the elementary schools in 
many himdreds of cities and rural areas. 

• The Higher Education Act of 1965. Title I 
of this act specified that 22 percent of the 
funds provided be allocated for public com- 
munity colleges and technical institutes. 
Title II provided Federal assistance to col- 
lege libraries. It authorized funds not only 
for the purchase of books, pwiodicals, and 
other library materials, but also for library 

^ training programs and for R&D for new 
ways to program, process, store, and dis- 
tribute information. 

• The Federal Government has also provided 
continued support to the Nation's research 
libraries— the Library of Congress, the Na- 
tional Library of Medicine, and the National 
Library of Agriculture. 

The momentum that developed in the 1960's 
in support of libraries began to wane in the 
1970's. The Nixon administration eliminated 
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from ita budget ^ppropriatioiiB for all non-Fed- 
eral libraries. The Carter budget for 1980 also 
reduced library funding. It called for a $388 
piillion reduction in Federal aid to schools and 
libraries; it eliniinat«i funds for college library 
resources, training, and dendonstrations; and 
it significantly cut back funds for library serv- 
ices, interlibrary cooperation, and library ma- 
terials. Similarly, the Reagan administration's 
* proposals for libraries also call for greatly 
reduced funding. Funding, for example, under 
ESE A has been incorporated into block grants 



under the Education Consolidation and Im- 
provement Program. 

Notwithstanding these sigtiificant reduc- 
tions in the subsidies for libraries, the Federal 
Government continues to provide substantial 
support, most of it channeled though State 
agendas. In fiscal year 1982, for example, total 
Federal appropriations for library services un- 
der LSCA was $71,620,000, total appropria- 
tions for libraries and instructional and total 
Federal appropriations under title II of the 
Higher Education Act were $8,668,000. 



Effect of Federal Telecommunication 
Re^^ulation and Legislation on Education 



Regulations, statutes, and ordinances at all 
three governmental levels have shaped the 
growth \nd structure of the telecommuiiica- 
tion indtUtry and have significantly affected 
the use of-tetecommunication technology by 
educators. A rmmb^ of regulations have at- 
tempted to foster the application of com- 
munication services to education directly (e.g.; 
Federal Communication Commission (FCC) 
rules governing instructional fixed television 
systems). 

However, while the focus and legislative in- 
tent of some regulations have been on the pro- 
vision of educational services, others have fo- 
cused exclusively on telecommunication per se, 
disregarding their potential effects on educa- 
tion. These latter regulations, although nec- 
essary to effect the provision of telecom- 
munication services » have inadvertently af- 
fected the use of modem telecommunication 
technology for educational purposes by forc- 
ing educators to compete for its use with 
wealthier and more politically powerful in- 
terests. This situation has had a detrimental 
effect on education by preventing and in- 
hibiting educators from realizing the benefits 
of this technology. It has become increasing* 
ly apparent that teleconununication regulatcn^s 
must recognize the impacts of their decisions 
on education and must begin to take into ac- 
count the interests and needs of education in 



formulating national telecommunication 
policy. 



Governmental Control of 
Telecommunication 

Teleconununication is regulated at all three 
governmental levels. On the local level, pro- 
graming options are weighed and dedsidns are 
made. For example. Instructional Television 
Fixed Service (ITTS) licenses are, by their ve^^ 
nature, confined to local delivery of informa- 
tion. Once FCC has granted an ITFS applica- 
tion, the local operator/licensee controls its 
programing input and the extent of its output. 
States have the authority to regulate cable 
franchising by local municipalities and to set 
up rate structures for the public utilities. Most 
of the regulation of teleconmiunication, how- 
ever, takes place at the Federal level, and it 
is this level which is of primary interest here. 

Governmental Control 
of Education 

Education is largely controlled at the local 
and Statd levels. At the local level, it is car- 
ried out primarily by local school boards; while 
accreditation and licensure functions are per- 
formed at the State level. The State's ex- 
clusive power over education derives from the 
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Reserved Powers Clause of the 10th anHend- 
ment." Thus, Federal laws relating to educa- 
tion usually include a reference to the primacy 
of the States." For example, the General 
Education Provisions Act states that: "No 
provision of any applicable program shall be 
construed to authorize any department, agen- 
cy, officer or employee of the United States 
to exercise any direction, supervision, or con- 
trol over the curriculum, program of instruc- 
tion, administration, or personnel of any edu- 
cational institution 

The traditional role of the States in controll- 
ing education may, where telecommimication 
technology is concerned, run into direct con- 
flict with Federal laws and Federal policy. 
Specifically, State educational policies con- 
cerning telecommunication may conflict with 
the interstate coinmerce powers of the Federal 
Government, the express provisions of the 
Communications Act, and the general princi- 
ples of .the first amendment.^ For example, the 
power of the States to control education is 
often exercised through the process of licen- 
sure of educational institutions and.services. 
However, licensure requirements vary wide- 
ly from State to State. Thus, an institution 
that seeks to offer programs, such as tele- 
courses, on a regional or national basis must 
deal with severfid^ifferent licensure^statutes. 
The question then arises as to whether the 
State reviving the service has jurisdiction to 
impose its licensure requirements on the of- 
fering institution, especially where the institu- 
tion has no other contacts "within the State. 

The more fundamental issue, however, is 
whether these State licensure requirements 
operate to circumscribe various available serv- 
ices and thus impose an undue burden on in- 



••The powers not delegated to the United States nor prohib- " 
ited by the Constitution to the States, are reserved to the States 
respectively, to the People. 

**M. B> Goldstein, "State Licensure of Instructional Telecom* 
munications: An Overview of a Constitutional Problem," Tele- 
^can 1(3):3, January/February 1982. 

^General Educatioii Provision Act, sec. 432, 20 U.S.C. sec. 
1232a). 

■•M. B. Goldstein, A Survey of Key Policy Issues Affecting 
Higbef Education and the Adult Lsar^ery discussion draft pre- 
' -pared for The Ace Commission on Higher Education and the 
Adult Learner, October 1981, p. 39. 



terstate commerce, in violation of the Com- 
merce Clause of the constitution." In other 
words, can the several.States constitutional- 
ly contool the delivery of multi-State educa- 
tional services flowing into their borders or are. 
such services covered under this clause sub- 
ject to Federal control? The issue has not yet 
been resolved, but it is clear that in the near 
future it will demand greater attention and will 
require resolution by the courts.** In the mean- 
time. State licensing authorities aire free to 
adopt discriminatory and protectionist regula- 
tions that have a potential chilling or in- 
hibitory effect on the provision and delivery 
of educational programs and services. 

The Federal CommuniclBitioii 
Commission and Kducational 
Telecommunication Services 

Various Federal rules and regulations gov- 
erning teleconMnimication also affect educa- 
tional programs and services. Under the 1934 
Conanxmications Act, FCC has jurisdiction to 
allocate the broadcast spectrum among com- 
munications services. In the past, the conMnis- 
sion has made several.policy decisions direct- 
ly intended to promote educational access to 
the broadcast spectrum. The clearest example 
was the commission's reservation of 242. chan- 
nels in the very high frequency (VHF)^and 
ultrahigh frequency (UHF) bands for educa- 
tional use. In 1938, 1945, and 1952, respettive- 
ly, the commission announced that several 
radio and television channels were being re- 
served for the use of nonprofit educational 



»TTie Commerce aause gives Congrees the power to regulate 
interstate commerce. U.S. Constitution, art. I, sec 8, clause 3. 

"M. B. Goldstein, "Federal Policy Issues Affecting Instruc- 
tional Television at the Postsecondary Level," Adult Learning 
and Public Broadcasting, report of a project conducted by the 
American Assodttion of Community and Junior Colleger with 
support from the Fund for the Improvement of Postsecondary 
Education (FIPSE), 1980, p. 4§. 

"This argument was recently raised in ah action by Nova Uni- 
versity, to prevent the State of North Carolina from regulating 
the offering of education services in that State when the degree 
conferred was authorized by the school's domicile State, Florida. 
While the case was ultimately decided on narrow statutory 
" grounds, the issue of State v. Federal powers was stron^y enun- 
ciated in the arguments put forth by both sides. Nova Univer* 
aityy. University of North Carolina, No. 110A81, N.C., Mir. 
3. 1S182. 
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organizations advancing an educational pur- 
pose. These decisions presaged the beginning 
of educational or instructional television and 
directly provided for conununity educational 
programing. 

The commission's original intent in setting 
a^ide these chaimels was to promote noncom- 
mercial educational broadcasting. FCC took 
a broad view of such broadcasting, and no pro- 
graming requirements were asi^gned to its m- 
structional and cultural components. It has 
been claimed that the failure to define the term 
educational broadcasting more narrowly had, 
in fact, the effect of din^inishing the amount 
of instructional programing, which resulted in 
a public broadcasting system that serves a 
wider audience.*^ In the absence of a narrow- 
ly drafted set of regulations governing educa- 
tional broadcasting, market forces took over 
and influenced decisions on programing con- 
tent by licensees and broadcasters. The pro- 
graming on the channels originally reserved 
for educational broadcasting became pre- 
_^domin«»tly cultvu-al in content. 

Instruction^ Television 
Fixed Services 

The regulation of ITFS is a further illustra- 
tion of the effect of regulation on the educa-' 
tional use of telecommunication. ITFS is a 
point-to-point communication system that can 
transmit up to fovu* channels of programing 
at one time to predetermined reception poinl;s 
^ located from 5 to 20 miles away. Therefore, it 
is a method of transmitting television signals 
directly to the classroom. 

ITFS was established in 1963 when FCC 
opened 31 chaimels in the 2^00- to 2690-MHz 
frequency rknge for this private distribution 
system. It was intended to satisfy the need for 
a more economical and efficient^means of dis- 
tributing high quality learning materials to 
the classroom. In the 1970's, FCC issued rules 
and regulations that provided for the licens- 
ing of 28 of the 31 available chaimels to educa- 
tional institutions. The remaining three chan- 

A. Shorei|t8tain, Pulling the Plug on Instructional TV/' 
CbMDge, vol. 10, Novembo; 1978, p. 37. 
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nels were to be assigned to municipal or State 
governments for operation of a similar service, 
Operational Fixed Service (OFS)." 

Soon after I'^FS was established, FCC re- 
ceived many construction permit requests for 
the use of its assigned channels. However, the 
cost of the components necessary to operate 
an ITFS system, (transmitters, receivers, 
studio equipment, down converters, etc.), pre- 
vented most educational institutions from uti- 
lizing this technology. ITFd was thus installed 
andnised predominantly by larger imiversities 
capable of affording it." Once installed, the 
system was economical to operate. Currently, 
ITFS is being used to provide a variety of ed- 
ucational services,^cluding adult and profes- 
sional continuing i^ucation courses. Some imi- 
versities, such as the University of Southern ^ 
California, use an ITFS system to transmit 
graduate engineering courses to nearby busi- 
nesses and firais with staff engineers. The 
future of this system and its use as an educa- 
tional tool is uncertain. 

In 1980, FCC began proceedings to reallo- 
cate the 31 channels in the 2500- to ^690-MHz 
frequency range, the assumption being that 
educators were not taking hill advantage of 
the channels allocated to ITFS." Faced with ^ 
an increasing demand and a growing number 
of applicants for Multipoint Distribution Serv- 
ices (MDS) and Private Operational Fixed Mi- 
crowave Sendees (POFMS), FCC proppsed to 
redistribute these channels by allocating 10 
each to MDS and POFMS, leaving ITFS with 
the remaining 11." As satellite distribution of 
programing made MDS more profitable and * 
as the market demand for MDS grew and de- 
veloped^ FCC proposed to offer MDS opera- 
tors use of part of the spectrum allocated to 
ITFS. Similarly, as business and industry 
found new uses for POFMS, demand for fre- 

**OFS is functionally equivalent to ITFS. It is a short-range 
private distribution service intended for governmental as op- 
posed to instructional use. 

''As of Jan. 1, 1981, there ,were 180 ltF$ licensees in the v 
United States, Televiahn Fmctbook, stations volume, 1981-82 
ed. No. 50. 

'Hxeneral docket Nos. 80-112; 80-113; 80-116. 

"^MDS is a common carrier service, dplivering pay-TV pro^ 
gruning from a central transmitter to sewal lineof-si^t recep- 
tion points. J 

ii-i, , .,,,1 ,i.>i 

15 ^ ■ 
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quendes to operate this service has grown. 
Thus, FCC proposed to reducfe the number of 
ITFS channeb to make room for MDS and 
POFMS systems. 

Here again, FCC had created by direct reg- 
ulation a system primarily for offering educa- 
tional programing. Yet, because of high in- 
stallation costs, along with budget cuts, ITFS 
has not been used by most educational institu- 
tions. Although FCC has not yet acted on this 
proposal, clearly a reduction in ITFS channels 

- will have an effect on cities like New York and 
Los Angeles where ITFS is widely used. WhUe 
it i^ possible that such large metropolitan 
areas, which have as many as 25 operational 
ITFS systems, may have to curtail their use 
and reduce the nimiber of educational services 
offered, it is more likely that FCC will "grand- 
father" (allow them to continue under the new 

\ - system) active chEtonels as long as the present 
licensees>retain their control. Only assigned 
but inactive ITFS channds would he reas- 
signed for commercial spectrum'use. A further 
consequence of the proposed cutback in ITFS 
channels is that it may affect the recent Public 
Broadcasting Service (PBS) application for 
ITFS facilities. 

The Public Broadcasting 
Service 

PBS and its member public television sta- 
tions have applied for ITFS channels to set 
" up the National Narrowcast Service to extend 
their distribution of instructional, educational, 
and cultural programing to meet specialized, 
educational needs. The system is designed to 
reach those who live where educational pro-* 
graming is not readily available and to create 
a local means for expanding the educational 
services offered by PBS stations. If FCC de- 
cides to reallocate the ITFS frequencies, this 
pn^)osed service will be in jeopardy. With few- 
er ITFS channels available, PBS will have to 
compete for channels with other educational 
users. While the FCC proposal will, if adopted, 
increase the nimiber of channels available for 
commercial MDS and POFMS systems, it will 
also limit the availability of educational serv- 
ices to the community through ITFS systems* 

ER?C 



In effect, another educational resource would 
be reduwd and replaced by services unlikely 
to be available for educational programing. 

Low-Power Television and 
Direct Broadcast Satellites 

While low-power television/(LPTV) and di- 
rect broadcast satellite (DBS) systems may 
become available for distributing e^cational 
progranding, they are not equivalent substi- 
tutes for ITFS. LPTV applications will be 
granted on the basis of an available broadcast 
spectrum, and educational institutions wish- 
ing to apply for such frequencies will have to 
compete with other users for a frequency al- 
location. In other words, •allocation by FCC 
will occur entirely apart from the needs of the 
educational community. In addition, although 
DBS service has the potential to reach nation- 
wide audiences, it is unclear whether DBS ap- 
plicants will, in fact, transmit educational pro- 
graming to the public or whether educational 
institutions will be able to afford satellite time. 
The answer to these uncertainties will be 
known in time if rules and regulations are 
adopted to govern both LPTV and DBS sys- 
tems. Given the present emphasis on dereg- 
ulation, it is unclear whether LPTV and DBS 
wUl be regulated to provide educational 
services. 

Cable Television 

Another area where telecommunication reg- 
ulation has affected education is illustrated by 
cable television requirements. FCC rules orig- 
inally required that all cable systems serving 
more than 3,500 households provide oppor- 
tunities for "educational access with no cost 
for use of the system."" At present, only a few 
universities (e.g., Purdue and Oregon State 
University) use this resource. Furthermore, 
specialized, educational programing general- 
ly comprises a very small part of cablecasters' 
offerings. The regidation of telecommunication 
via cable is in transition. 

•rniaoe raquirements have been overturned by the courts. See 
Midwest Video Corp. v. FCC!» 571 F. 2d 1026, 41 R.R. 2d 669 
(8th Cir. 1978) (Midwest Video 11)^ cert, granted, 47 U.S.L.W. 
3187 (No. 77-1676). However they would be reinstated to some 
extent by the passage of S. 2172. 

153 
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Telecommunication Legislation 
and Educational Services 

The Senate Commerce Committee has re- 
cently introduced a bill to move primary 
jurisdiction over cable regulation from the 
^dties and States to FCC.** The bill also re- 
quires that cable systems with more than 20 
channels dedicate 10 percent of such channels 
for use by public, educational, and governmen- 
tal programers and 10 percent to leased chan* 
nel programers, all on a first-come, first- 
served, nondiscriminatory basis. This bill 
represents one of many congressional efforts 
to revise telecommunication regulations and 
set national telecommunication policy. Al- 
though this legislation explicitly provides for 
educational prpgraming, other bills, such as 
those dealing with revision of the 1934 Com- 
munications Act, often do not address educa- 
tional interests. Such congressional con- 
sideration is necessary to ensure the low-cost 
availability of telecommunication services to 
educators in both the public and private 
sector.** 

As with FCC regulation, telecommunication 
legislation may have both a direct and indirect 
effect on the means by which educational serv- 
ices are provided and on^the ability of edu- 
cators to utilize telecommunication for dissem- 
inating educational materials. Legislation can 
affecjt the cost of interconnections, the means 
of delivering services, and the nature of educa- 
tional programing. 

Congress has directly influenceid the man- 
ner and scope by which educational services 
are provided both in e^provingf^ppropriations 
for the Corporation for Public Btoadcasting 
(CPB) and by enacting legislation Uke the 
Public Telecommunications Financing Act.** 
Congress has also proposed legislfition which. 



••"Where Things Stand/' BroMdcMating, Apr. 5. 1982. p. 26. 

"^.S. Congress* Senate, A Bill To Amend the Communic*' 
tions Act of 1934, S. 2172, 97th Cong., 2d sess., 1982. 

"A. B. Shostak, "The Coming Systems Break: Technology 
and Schools of the Future," Phi DeltM KMppen, vol 62, January 
1981, p. 359. 

**U.S?Congres8« Public TelecommunicMtioBS Financing AcU 
Public Telecommunications Financing Act, Public Law 96-667, 
95th Cong., Nov. 2, 1978. 
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although dealing with telecommunication, 
could indirectly set a precedent regarding the 
provision of educational services. For exam- 
ple, a bill introduced by the House Subcom- 
mittee on Teleconmiunications, Consumer Pro- 
* tection, and Finance, which revises and up- 
dates title II of the 1934 Ck)mmunications Act 
governing the provision of telephone and tele- 
communication services, may have important 
implications in the educational arena.'^ Access 
provisions under the proposed legislation may 
affect the costs of interconnections for home 
computers. This, in turn, could affectvthe de- 
mand for such terminals. Similarly, issues of 
maintenance, ownership, and technical grades 
of lines and wiring may affect the quality of 
data communication and ultimately the supply 
of information for educational purposes, lliese 
issues need to be considered by legislators in 
their efforts both to rewrite the 1934 Com- 
munications Act ana to set national telecom- 
munication policy. 

As the foregoing discussion has shown, tele- 
communication regulation often indirectly 
discriminates against educational Services by 
overlooking the stake educators and institu- 
tions have in telecommunication resources. An 
issue entirely separate from that of telecom- 
munication legislaticm and its effect on educa- 
tion, however, is the issue of Federal regula- 
tion of education and its effect on the use of 
telecommunication. Although warranting 
more consideration, it can only be dealt with 
briefly here. 

The clearest example of how educational reg-. 
ulations can have a chilling affect on the edu- 
cational use of telecommunication is a Vet- 
erans Administration rule restricting and pro- 
hibiting reimbursement and educational bene- 
fits to veterans for curricula that use courses 
taught via television and radio. While the ra- 
tionale behind this regulation may have been 
to prevent veterans from claiming credit for 
sham courses, it^^clearly discriminates against 
technology-bas^ delivery systems and hence 
can be deemed overbroad. Less restrictive al- 

^li.S. Congress, House, A Bill 7b Amend the CommunicM' 
dona Act of 1934 to Revise Provisions of the Act Relsting to 
feleconamunicMtions, H.R. 6168, 97th Cong., 1st sess., 1981. 
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tematives mustbe found to meet the Veterans 
Administration's pn^wr concern without com- 
promising and discriminating against telecom- 
munication technology." As with telecommu- 

*<Goldstiini op. dt., 1980, p. 42. 



nication policy, the interests of educators must 
be weighed and considered in drafting Federal 
regulations. 



The Protection of Information Software: 

An Overview 



In recent years, the software industry has 
been plagued by an everincreasing incidence 
of piracy/* " As software costs have risen, in- 
formal duplication of progranos has increased 
and has held down revenues for software pub- 
lishers.*^ Similarly, piracy via illegal duplica- 
tioiTand distribution has diminished incen- 
tives for software producers to further devel- 
opment of novd and innovative software pack- 
ages, particularly for educational use. Al- 
though technological s<dutionsi are being de- 
vised to prevent piracy, various legal methods 
for protecting computer software from illicit 
misappropriation are the focus here. 

Given the fact that for the present, at least, 
piracy does and will occur, the question to be 
resolved is how to protect the software pro- 
ducer or proprietor from infringement of his 
creative property rights. Such protection is 
necessary to ensure that adequate incentives 
exist for development of innovative software, 
to protect the considerable investments in its 
development, and to preserve legal means for 
public access to creative works. 

There are five currently legal methods thdt 
can be used to protect computer software; 
trade secret {Protection, trademarks, patents, 
the doctrine of unfair competition, and copy- 



*Tht term software is meant to include any programs and 
daU bases deei|^ to be used on computerii. video disks, cable, 
etc. 

♦»D. U. Gagliardi. "Software: What Is It." APLA QuMrterfy 
JoumMl mi 1980. p.. 239. ^ 

^Wben programs are copM without permission, publishers 
do not recave royalties for their use and thefa- profits are thereby 
leduced See "Trmds in Pmonal Computer Software Publish- 
ing." A Research Memorandum. LINK NRM, voL 2, No. 10. 
August 1981. 



rights.^' None of these, however, provides a 
weU-defined, reliable form of protection for 
novel developments in software.^ The law 
regarding software protection in each case is 
hazy and complicated and still in the early 
stages of ^development. Thus, it may be nec- 
essary to use several methods simultaneous- 
ly, with or without technological protection, 
to achieve maximum legal protection for cer- 
tain software. While cop3rrights and trade 
secrets are the most widely used and ad- 
vocated forms of prptectioh, each'of the five 
methods can^ afford some degree of security 
against unauthorized reproduction of costly 
and innovative software. 

Types of Software 

All coniputer software has three basic com- 
ponents. These are the supporting documen- 
tation, including manuals and flow dharts; the 
algoritlup or process, i.e., the underlyjjtg ideas 
or information implemented in the software; 
and the program or data base itself. 

The program itself is embodied either in 
human readable form, such as listings, or in 
computer readable form, such as magnetic 
tapes, disks, or paper punch cards. These 
distinctions are important, because the utili- 
ty of the various methods of legal protection 
may differ depending on the type of software 



**It should be noted that there is a diversity of views as to 
what forms of legal protection are tfrrsntly available and what 
forms should be available in the future for software producU. 
Not sU legal scholars agree that the five methods surveyed herft 
are available or should be used for protection. 

^H. Levine and A. ,E. Hall. "Ck)mputer Softwafe Protection 
and Licensing.'' a preeented at the Second Annual Talmis 
Conference. Chicago. Feb. 28. 1982. 
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component and the formal representation in- 
volved in a particular case. 

In JUldition, to the three software com- 
^ ponenti^ computer programs can be broken 
down into three formats or formal represen- 
tations: the source code, the linkable formats, 
and the object code. 

The source code, or ''the code at its source," 
is a computer program written in a high-level 
(computer) language. This representation is 
the easiest to read and comprehend and hence 
to pirate, modify, and expand. The linkable for- 
mat rejsults from the processing of the source 
code by the computer's compiler or program 
converter. At such a level, it is more difficult 
to reconstruct and, hence, to appropriate. The 
object code results from loading the linkable 
format into the computer in a, form that it can 
execute. In this format, the program's under- 
lying concepts are the most difficult to assim- 
ilate, comprehend, and appropriate. / 

Legal Protection for Software 
Trade Secret Protection 

Trade secrets are defined as formulas, proc- 
esses, mechanisms, compounds, or compila- 
tions of data not patented but known only by 
certain individuals using them in business to 
obtain a commercial advantage. The classic 
and most widely cited example of a trade 
secret is the Coca-Cola formula, which is 
known only to certain select Coca-Cola person- 
nel and has never been patented.^' 

For a trade secret to exist and be enforced, 
several requirements must be met. The first 
is secrecy; a bona fide secret must exist and 
must be contained within the business of a par- 
ticular enterprise. Thus, those who are privy 
to the secret must be under a duty not to 
disclose it. This situation is genially achieved 
by a confidential disclosure agreement or con- 
tract between the proprietor or software mar- 
keter and his employees, contractors, li- 
censees^ or leasees. The contract may require 
those with access to the software to take ac- 

*'H9BUtemmt of TortM, SS 757, Comment (b), 1939. 
-jL/NiC op. dt.. p. 18. 
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tions to limit its proliferation. The second re- 
quirement for trade secrets to exist is nov- 
dty— i.e., where the subject matter is im- 
known to the general public and the trade.^* 

, Beyoqd these two formal requirements for 
trade secrecy, the courts have placed some 
reliance on economic criteria in determining 
whether a protectable trade secret exists. The 
amoimt pf money or labor expended in devel- 
oping information and the value of the infor- ' 
mation itself ar@ factors which courts might 
consider in makiilg this determination. 

It is weU established that computer prx>- 
grams and certain program materials are pro- 
tectable as trade secrets through civil and 
criminal enforcement actions. However, the 
. boundaries of trade secret protection for soft- 
ware are unclear. Some coiuts have protected 
algorithms along with the compute programs, 
while others have declined to extend protec- 
tion to "general information."*^ The nature of 
the software, the circumstances of the taking, 
and the intent of the taker can each influence 
a court's determination i^garding trade secret 
protection. 

In deciding whether to utilize trade secret 
protection for certain software, a proprietor 
or marketer considers the foUowing draw- 
backs. First, trade secr^y can be easily lost. 
If a secret becomes widely disseniinaied, the 
software protected may beeom^ part of the 
public domain and thus no longl^ eligible for 
^ trade secret protection. Thus, |rade secrecy 
may be difficult to maintain whe^ public sales 
or large-scale marketing of software is con- 
templated. Trade secrets can a£i30 be lost by 
carelessness, by intentional or negligent 
breach of contract, or by discovery and dis- 
closiu-e by competitors, e.g., reverse engineer- 
ing and subsequent disclosure. The couits are 
split as to whether trade secret protection is 

^*Nov«lty for purpoM of trade Mcret Uw ifl ft relfttive con- 
cept unlike novelty for purposes of pstent protection. In the 
latter case, novelty is absolute; D. Bender, ''Trade Secret Softr 
ware Protection/* APLA QuMiietfy Journal voL v, No. 1, 1977, 
p. 51. It should be noted that novelty is not required by all 
SUtes. See R. Milgrim, Trade Saaata, 88 2.03, 2.08(2). 1979. 

**R. Smith and E. R. Yoches. ''Lsgal Protection of Software 
Via Trade Secrets,** APLA QuMrtarfy Journal vol. 8. No. 3, 
1980, p. 240-241. 

« 

15G 



168 • Informstionsf Technology mnd Its Impact on,Am0ricsn Education 



lost where software is appropriated by 
memory. The majority rule is that trade 
seorecy does protect against appropriation by 
memory.** Similarly, there is some debate 
about whether trade secrecy is lost where a 
software proprietor registers his software for 
copyright protection. The issue here is whether 
such registration constitutes publication and 
hence destroys any^legal claiin under the trade 
secret method of protection." 

In addition, trade secret protection, like the 
law of contracts and unlike cc^yrightd or 
patents, is controUed by State statute or com- 
mon law, as distinguished from Federal stat- 
utory law. Thus, protection for trade secrets 
differs from jurisdiction to jiuisdiction. In 
order to maximize his protection, a manufac- 
turer or licensor may wish to seek an addi- 
tional mode ctf protection, such as copyright, 
to ensure uniform legal treatment of his soft- 
ware. Trade secret protection alone, however, 
can provide a fairly reliable and economic 
means of shielding software innovation. 

Trademark Protection 

Trademarks generally include ''any word, 
name, symbol, or device or any combination 
thereof adopted and used flby a manufacturer 
or merchant to identify his goods and dis- 
tinguish them from those manufactured or 
sold by others.''" While they are used exten- 
sively to protect product names, they have 
been used only in a relatively minor manner 
to protect computer software. The reason for 
this is that in the past computer software has 
had a relatively short life, and thus there was 
no basis on which to build a proper trademark. 
The current tr6nd of "longer life" computer 
programs may no longer sustain this reason- 
ing." In addition, trademarks do not directly 
protect the contents of the software from 
unauthorized use, appropriation, or duplica- 

•'Turner, The Lmw of Trmde Stfcreta 169. 171, 1962. 

"In a recent case, the court held that this was a question of 
fact and not a question of law. IVarrin^n Aasocitites, Inc. v. 
RBMJ-Time Engineering A330ci»te!% /oc,- 622 F. Supp. 367 (N.D. 
lU.. 1981). 

••The Lan/uwn Act of 1946, 16 U.S.C. SS 1127. 

G. White, * 'Trademark Protection of Computer Software," 
A PL A QuMTterly Journal vol. 8, No. 3, 1980, p. 281. 
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tion by another. However, trademarks can 
serve as a complement to other methods of 
protecting the concepts contained in computer 
programs. Computer program trademarks can 
protect important proprietary interests in softr 
ware by preventing software competitors from 
using the same or similar marks on their 
programs. 

The U.S. Patent and Trademark Office has 
recognized for some time that computer pro- 
grams are **goods" within the purview of the 
Trademark Statute." Thus, a trademark on an 
item of software represents and is identified 
by the public with the goodwUl and reputation 
of the business that produced it. If the manu- 
facturer's reputation is good, consumers may 
tend to buy software basec^ on the strength 
of the mark, even though competing products 
may perform as well. Whether the strengthof 
mark will be the sole criteria used by con- 
sumers in selecting software, or whether the 
capabilities of various programs will also be 
taken into account in making a selection, is 
an open question. In either case, though, con- 
sumers will probably place a6me reliance on 
the source of guality control identified through 
the trademark." In this manner, trademarks 
provide a relatively inexpensive and simple 
means to protect indirectly computer pro- 
grams. 

Patent Protection 

At present, there is much uncertainty about 
the applicability of title 35 of the United 
States Code (patents) to computer software. 
The case law is inconsistent and confusing, 
and no clear-cut consensus has been reached- 
In addition, to the extent that some patent 
protection for software is available, it would 
apply only to protect the programmable prop- 
ess embodied in computer programs.*' Th^8» 
patent protection for softwleu^ is ofteudflrficult 
to obtain except in conjunction .with a patent- 

"The UnhMm Act, 15 U.S.C. SS 1061 et «eq. 

**White, op. cit., p. 280. In additiofi. although service marks 
could alao be included here, th^y^are beyond the scope of thia 
brief overview and hence exchldad from the discussion of trade- 
marks. 

"Bender, op. cit., p,«^. See also Diamond v. Diehr and Dim- 
mond V. Brwidiey, footnote 15. 
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able piece of computer hardware. Given the un- 
predictable nature of software patent law and 
the relatively high cost of securing patent pro- 
tection, a software owner may therefore wish 
to seek other available methods of legal pro- 
tection for his works. Once clarified, though, 
patent protection for certain software may 
prove to be superior to other legal methods. 

There are several reasons why patent pro- 
tection may be preferable to other legal 
safe^ards of software innovation. One is that 
patent protection is very broad in scope. A pa- 
tent provides its owner with the exclusive 
right to the inventive work for 17 years. Thus, 
he has the right to exclude others from mak- 
ing, using, or selling that work. Infringement 
occurs when either the work is copied or it has 
been independently developed. Another reason 
is that patents protect the underlying ideas 
or concepts of a computer program, not merely 
the expression of a program, as copyrights do. 
Thus, while an adaption of a program for use 
in a different computer may not be a copyright 
violation, it could be found to be a patent 
infringement. 

The issues concerning the patentability of 
software are twofold. The first problem is 
whether software is statutory or within the 
categories of innovations and discoveries 
which may be patentable. The law is that an 
invention is patentable if it consists of "any 
new and useful process, machine, manufac- 
ture, or composition of matter, or any new and 
useful improiAnent thereof."** Abstract ideas, 
laws of naror#, and physical phenomena are 
excluded from patent protection.** The ques- 
tion is, do computer programs fall uhder any 
of the categories of patentable inventions? The 
answer is that they may, if patentable, fall into 
the categories of processes, machines, or man- 
ufactures. 

Several recent cases have overturned the 
courts' previous reluctance to hold software 
. patentable.*^ Thus, the court has held that a 

^36 use SS 101 

"•DiMmondv. Dithr, 460 U.S. 176. 209 U.S.P.Q. I. 7 (1981). 

**E«rlier landmark caaes include: Gottachmlk v. Benson, 409 
U.S. 63. 175 U.S.P.Q. 673 (1972); Dmnn v. Johnston. 425 U.S. 
219. 189 U.S.P.Q. 267 0976); Purksr v. Flook, 437 U.S. 584. 

V 
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statutory claim does not becpme nonstatutory 
simply because it uses a mathematical for- 
mula, coinputer program, or digital compu- 
ter.*' Currently, the law seems to be ti\at 
algorithms or mctthods of calculation in the 
'abstract, like the laws of nature, are not 
statutory subject matter. However, claims 
reciting algorithms or formulae, or presumably 
computer programs that implement or apply 
those formulas in a structure or process (e.g., 
transforming an article from one. state or thing 
to another), are statutory within the meaning 
of the patent law.** 

If certain software is found to be statutory 
then it must al£K) meet four conditions to be 
found patentaBle: novelty, utility, nonob- 
viousness, and adequacy of disclosure.** 
Numerous programs should meet these re- 
quirements. However, many others may im- 
plement an obvious process in an obvious way 
and are valuable solely because of the man 
hours saved to achieve the result.** They 
would, thus, be ineligible for patent protection. 
The problem then lies in the definition of ''ob- 
viousness/' So far, there is no clear consensus 
about the appropriate staifdard t^r test to be 
applied to determine if a claim meets the non- 
obviousness condition. Judicial or legislative 
- clarification is necessary before the patent- 
ability of certain software can be determined 
with any degree of certainty. 

It should be noted that the patentability of 
computer programs may also depend on the 
subjective application of Patent Office guide- 
lines by patent exantiiners, and ultimately on 
the manner in which patent applications are 
drafted. Future clarification of the boundaries 
of software and computer program protection, 
however, awaits the outcome of further litiga- 
tion. 



198 U.S.P.Q. 193 (1978). Two recent dedsions indicatisg that 
patent protection may be available for computer software are: 
Dimmond v. Dkthr, 460 U.S. 175, 209 U.S.P.Q. 1(1 981); and Dia- 
mond V. Brad*>y, 450 U.S. 381. 209 U.S.P.Q. 97 (1981). 
Diamond v. Dichr, op. dt. 

''Levine and Hall. op. dt.. p. 19. 

"36 U.S.C. 101, 102. 103. 112 (1979). 

•^Bender, op. dt.. p. 67-68. 
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Protection Under the Law of 
^ Unfair Competition 

Original software (both source and object 
code), computer programs, and data bases 
may be protected by the law of unfair competi- 
tion. Evolving from the landmark case of In- 
temational News Service (INS) v. Associated 
Press,** the law protects the originator against 
misappropriation by competitors of his work 
product and his investment capital risks. The 
rationale for the doctrine lies in the equity 
court's philosophy of preventing and mitigat- 
ing unjust enrichment. Until recently, how- 
ever, the courts tended to limit the application 
of the unfair competition doctrine to the facts 
in the INS case. In one recent case, the courts, 
stated that a vfdid, unfair competition claim 
had been advanced where, for commercial ad- 
vantage, a competitor had misappropriated 
the benefits and property rights of and had ex- 
ploited his birsiness values.** Similarly, where 
reproductions of original recordings were 
' pirated and marketed under a different label, 
another court upheld the plaintiff's unfair com- 
petition claim. *^ 

WhUe the doctrine has had an underlying ef- 
fect in cases dealing with unauthorized ap- 
propriation of data bases,. today it is becom- 
ing grounds for equitable relief on its own 
merits. Therefore, it may be possible to bring 
a valid cause of action based on the common 
law right against unfair competition where a 
competitor copies and sells another's software 
for profit. This method of software protection 
may be of benefit to proprietors who seek to 
protect both soiu-ce and object codes. The law 
of unfair competition would most likely make 
no distinction between the two for purposes 
of protection. However, it should be borne in 
mind that unfair competition is a common law 
doctrine and thus may vary from State to 
State. 



Interna tional ffew9 Service v. Associated Pres% 248 U,S. - 
216. 39 S. Ct. 68 (1918). 

^Dmta Cash Systmnx Inc. v. JSAA Group, lac. 480 F. SuppL 
1063 (N.D. III.. 1979). affd on other grounds. 628 K. 2d 1038 
(7th Cir. 1980). 

•'A AAf RBCords, Inc., Hal v. M M. C Distributing Corp.. 
ct al, 197 U.S.P.O, 698 (SUth Cir.. CA) (1978). 
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Copyright Protection 

By far, the fastest growing legal mechanism* 
of software protection is the copyright law. It 
is now well settled that copyright law is 
available as a method for protecting software 
and computer programs. The question to be 
resolved, however, is the scope of the protec- 
tion to be accorded computer programs by this 
body of law. 

The Copyright Act of 1976 protects original 
works of authorship fixed in any tangible 
medium of expression from which they can be 
perceived, reproduced, or otherwise com- 
municated, either directly or with the aid of 
a machine or device.** Computer programs and 
data bases, to the extent that they incorporate 
authorship in the expression of original ideas 
as opposed to the ideas themselves, fall within 
the category of "literary works," and thus 
within the subject matter of copyright." The 
actual processes' or methods embodied in a 
computer program, however, are not within 
the scope 6f the copyright law.'® 

In 1980, the Computer Software Copyright 
Act was passed by Congress." Incorporating 
the recommendations of the national Commis- 
sion on New Technological Uses of Copy- 
righted Works, the act revised section 117 of 
the 1976 Copyright Act dealing with rights in 
conjunction with ComputerLand information 
systems." The new secnon 117 dispeUed all 
doubts concerning the copyrightability of com- 
puter programs and made it clear that the 
reproduction or adaption of computer pro- 
grams would constitute acts of infringement. 
The act also created an important exemption 
for the input or reproduction of computer pro- 
grams from copies which are sold. 

The courts have not reached agreement on 
the limits of computer software copyright pro- 
tection. For example, there is stiU much debate 



"17 U.S.C. SS 102(a). 

••17 U.S.C. SS 101(a). U.S. House of RepresenUtives Report 
94-1476. 94th Cong.. 2d sess.. p. 54. 
™17 U.S.C. SS 102(b). 

''ComputerSoftwarrfCopyrigbtActoflBSO. Dec. 12. 1980. 
Public Law 96-617. sec. 10. 

^Final Report of the National Commission on New Tochao- 
logical Uses of Copyrighted Work% July 31. 1978. 
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as to whether object codes can be protected 
by copyright law. In order to be accorded the 
protection-of the copyright laws, a computer 
program ndxst be "an original work of author- 
ship."^* Clearly, if a programer is the 
"originator" of a source code, than he qualifies 
as an "author" within the meaning of the 
copyright law. However, the case law is. still 
developing on whether this source code 
authorship is preserved in the object code. 
Since the object code can be viewed as being 
phy8i(5ally produced by a machine, the ques- 
tion arises as to whether the object code is an 
expression of authorship or merely a utili- 
tarian work outside the scope of copyright pro- 
tection. Only original expressions of author- 
ship, "writings," are protected by copyright 
lat^There is little doubt that source j:pdes are 
wnl^gs within the purview of the copyright 
statute, but the status of object codes is not 
so clear. ^* 

Other issues associated with the copyright- 
ability of computer software are preemption 
of trade secret protection and the meaning of 
"substantial similarity," (necessary for 
copyright infringement) in the computer con- 
text.'* In addition, problems with computer 
software copyright protection arise because 
the att of copying is incidental to use of a com- 
puter program. In other words, computer in- 
put (i.e., of a program) constitutes the mak- 
ing of a copy and is thus a potential infringe- 
ment of copyright. The 1980 amendment to 
section 1 17 of the Copyright Act remedied this 
problem by providing that it was not an in- 
fringement for an owner of a copy of a com- 
puter program "to make or authorize the mak- 
ing of another copy or adaption of that com- 



"17 U.S.C. SS 102U). 

"For illustratioD of Uub conflict see: DmU Cmsh Systems, Inc. 
V. JSAA OrxHip Inc. et ml. 480 F. Suppl. 1063 (N.D. lU. 1979). 
•ffd on other groundB. 628 F. 2d 1038 (7th Clr. 1980); Tandy 
Corp. V. P^rsoDMlMkrvcomputm, Inc., 624 F. Suppl. 171 (N.D. 
CA 1981). And more generally. Goldetein v. Ct//ihraia 412 U.S. 
546 (1973). 

"D. T. Brooks and M. S. Keplinger, Computer Progrmms mnd 
DmU Bmms: IWfKting, Protecting and Licensing Proprietary 
Rights After the 1980 Copyright Aiiendmenta, Law A Buai- 
naaa, Inc., Harcourt Brace Jovanovich Publishers (1981). 

^*Thus, would tranalatioo of a program from Fortran to Basic 
be an infringaoient? Or, how much retrieval of a work from the 
V computer is necessary to constitute substantial similarity? 
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puter program," provided that the copy or 
adaption "is created as an essential step in the 
utilization of the computer program in con- 
junction with a machine."" It is important to 
note, however, that this exemption only ap- 
plies to copies of computer programs that are 
sold. Thus, if a copyright owner chooses to 
make the program available only l^y lease or 
by license arrangement, copjdng is permitted 
only under the terms and conditions specified 
by the copyright owner. Otherwise, computer 
input can constitute infringement. 

Another troublesome area concerns the 
copyrightability of video software. Copyright 
protects only the expression of original works 
of authorship, not the ideas, methodology, or 
processes embodied in the software or adopted 
by the programer. Thus, copyright law pro- 
tects the audiovisual aspects of video software 
as a display, but does not protect the underly- 
ing "idea" itself. Protecting the expression of 
a game program may necessarily also protect 
the system or process embodied in the game 
program or video display, a result violating the 
principles of the copyright law.^* Thus, man- 
ufacturers of video games may protect the 
visual display of their software by registering 
a videotape of their screens with the Copyright 
Office. While registration is not a condition of 
copyright protection, it is a formality related 
to the ability to sue for infringement. Manu- 
facturers of videogames, however, cannot 
preeihpt others from manufacturing and dis- 
tributing games utilizing the same inherent 
ideas (e.g., mazes and dot gobblers) regardless 
of how inextricably linked they are to the pro- 
gram's original expression. In those cases 
where an injunction has been sought against 
distribution Of allegedly similar games, it is 
not clear whether the courts relied on the doc- 
trine of imfair competition or on copyright law 
in granting the requested relief. Although the 
courts apparently applied copyright law in 
these cases, they may have been influenced by 
unfair competition principles.^* 

"17 u s e. SS 117(1). 

''Matthew Bahder, Nimmer on Copyrights, sec. 2.18(J) and 
8.08 (1980). 

"^See Stem Electronics, Inc. v. KmufmBn 213 U.S.P.Q. 75 
(E.D. N.Y., 1981), affd _^ F. 2d. _ (2d Cir., fUed 1/20/82). 
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* The most that can be a^d with certainty is 
that some aspects of computer software can 
be legally protected via copyright. Programs 
tangibly fixed in books, catalogs, and instruc- 
tion manuals are subject matter of copyright. 
Programs fixed on cards or magpietic disks 
that can be perceived directly otherwise 
communicated, e.g.. by means of fa computer 
print-out or terminal, are protectable under the 
copyright law.*** Other software, including db- 
ject codes, may or may not be within the pur- 
view of the copyright law. Future develop- 
ments both in Congress and in the courts will 
hopefully resolve the issues relating to this 
body of law. 

Another issue relating to audiovisual soft- 
ware is that of copyright and home recording. 
The U.S. Court of Appeals for the Ninth Cir- 
cuit held in Universal City Studios y. Sony 
Corp. (the Betamax case) that home videotape 
recording of over-the-air copyrighted television 
programs violates the Federal coi^ght law.** 
While the Court's decision will be reviewed by 
the U.S. Supreme Court next term,.the Ninth 
^ Circuit Coiirt ruled that home video taping for 
private,, noncommercial use was not a ''fair 
use** under the 1976 Copyright Act." Further 
more, the court held that manufacturers, re- 
tailers, distributors and advertising agents for 
video cassette recorders could be held "con- 
tributorily liable** for this infringement. 

While the decision has raised considerable 
debate concerning the rights of program pro- 
ducers to control the use of their productions 
and the rights of consumers to utilize new 
home electronics, it may also have an impact 
on the educational community. Thus, the ed- 
ucational community, and more specifically 
Action for Children's Televidon (ACT), has re- 
quested congressional legislation designed to 
permit home recording of television programs 
for education use. They argue that home tap- 
ing would permit children to watch educa- 

"Nicholas Praainos, "Legal Protection of Software Via Copy* 
right/' APlJi Quarterly Joumml vol. 8. No. 3. 1980, p. 267. 

•'Univeraml City Studios v. Sony Cony, 659 F. 2d 963 (9th 
Cir. 1981). The Supreme Court has recently granted certiorari 
^ to review the dedaion of the Court of Appeals, Ninth Circuit. 
••Fair use ia codified in 17 U.S.C. SS 107. 



I^iqnal programs broadcast while they are in 
school. 

Although a legislative solution to the Beta- 
max debate is being sought by many in- 
terested parties* educational groups are con- 
cerned both that the type of programing soft- 
ware currently being broadcast and the cost 
of video cassette recorders may change (with 
or without royalty €issessments) as a result of 
the present controversy." Thus, one major 
'concern is that schools that now buy video 
cassette recorders and use videotaped pro- 
grams in the classroom may no longer be able 
to afford them. Also, education groups spec- 
ulate that advertises may support fewer over- 
the-air educational prograins as a result of 
advertisement deletion by video cassette 
recorder owners. Although these problems re- 
main to be resolved by the legislature and the 
courts, it is dear that producers of educational 
program software jvill be affected by the pres- 
ent taping/copyright controversy. As with 
- computer /Software, the law of copyright in 
relation to audiovisual software is uncertain 
and still developing.*^ However, as demon- 
strated by the Betamax case, copyright is a 
viable and reliable means of protecting both 
computer and audiovisual software. 

Legal Protection: Issues and 
Educational Options 

It is clear that all five legal mechanisms for 
safeguarding software offer some degree of 
protection against misappropriatiofn and 
piracy. Each method of so^ware protection 
has different remedies for discouraging piracy 



"In fact, there are severid pending pieces of legislation deal- 
ing with this issue: H.R. 480j8 |10/21/81|. These biUs would ex- 
empt private home recording of TV programs from ajpyright 
laws, but would not preclude later legislation to establish a 
royalty fee assessed against recorders. 

•H>n Oct. 14, 1981, Rep. Robert Kaatenmeier |D-Wis.|. Chair 
of the House Judiciary Conunittee on Cburis, Civil Liberties, 
and the Administration of Justice, inserted guidelines for off- 
air taping of copyrighted works for educational use in the Con- 
gressional Record. These guidelines were the result of a nego- 
tiated agreement between education groups, the broadcast in- 
dustry, copyright owners, and industry guilds ahd unions. The 
guidelines allow fair classroom use of vfdaoUped TV programs 
within specific time limits without infringing the rights of copy- 
right owners. 
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and punishing infringement. For example, in- 
junctive relief is available with all five legal 
methods. However, destruction of infringing 
copies and continuing royalties are available 
only for copyright infringement. Similarly, 
treble, punitive, and statutory damages are 
available only for c<^;^ght, patent, and trade- 
mark infringement. In addition, even where 
monetary and injunctive relief is available, the 
t3rpe of infringement (e.g. ^ copyright, trade 
secret), may influence the way a court applies 
these remedies. 

Each method of software protection also has 
its advantages and disadvantages and its legal 
uncertainties. Many of the still unresolved 
legal issue^i stem from the fact that the pri- 
mary intent of inteUectual property law pro- 
tection of software is to reward and encourage 
' software breation and innovation, not primari* 
ly to punish copyists." Yet, as software in- 
novation becomes more costly and piracy pore 
rampant, software manufacturers seek solu- 
tions to legal problems and achievement of 
both purposes of copyright, patent, trade 
secret, trademark, and unfair competition law. 
It is hoped that in the next decade, the courts"^ 
and Congress will provide software manufac- 
turers with reliable methods of protecting 
their valuable investment^ in- software. Al- 
though tc^st cases are themselves costly and 
time-consuming, the benefits to be reaped by 
an entire industry may outweigh the economic 
burdens. ^ 

Clearly, the outcome of many of these issues 

will affect the educational community's abili- 

_^ \ 

••R. A. Stern, "What Should file Done About Software Pro- 
tection?" EuropcMD InteUectumI Property Review, vol. 3, No. 
12. 1981. p. 341 
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ty to utilize and purchase new electronic hard- 
ware. Educators need to know their legal 
rights and obligations, and manufacturers 
want to ensure effective protection for their 
software. Thus, it is necessary to answer sev- 
eral questions such as: 

• How should software be protected while 
recognizing the competing interests of 
groups who use software or benefit from 
its use? 

• How can piracy and the various types of 
misappropriation of software be better 
dealt with?** 

• How can the incentives be increased for 
software innovation, especially educa- 
tional software, when protection entails 
costly judicial remedies? 

While it may take some time before intellec- 
tual property law protection of software is 
clarified, education groups have been involved 
in the process. They have proposed that new, 
uniform legislation dealing only with software 
be enacted. Alternatively, they have proposed 
that legislation exempting ^he educational 
community from liability for use of copy- 
righted materials be adopted. They have con- 
sidered bringing test case^ into the courts 
against pirates of educational software on one 
or several of the grounds of protection outlined 
herein. While it is clear that the economic and 
social stakes are high, these o^orts by the 
educational community are aimed at clarify- 
ing the software protection laws for the benefit 
of all software publishers and users. 
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Appendix 



• Title I: "To provide financial aflsistance ... to 
local educational agencies serving areas with 
concentrations of children from low-income fam- 
ilies to expand to improve their educational pro- 
grams (to meet) the special educational needs 
of educationally deprived children" (Public Law 
89-10, title I). 

• Title II: Provision of grants to public and pri- 
vate schools for school library resources, text- 
books, and instructional materials, based on to- 
tal school enroUments. Those materials used in 
the public schppls required prior approval. Also 
thoee States, with lawslprohibiting iiwolvement 
with parochial schools, required the ESE A pro- 
grams to be administered by the Commissioner 
of Education^ 



• Title III: Provision of%rants by the Office of 
Education with concutrence by the State Edu- 
catioi|al Agencies for projects to encourage edu- 
cational innovation. Such projects included spe- 
cial education centers, instructional equipment, 
guidance counseling, and similar services. ' 

• Title IV: Provision of grants to conduct educa- 
tional research. ^ 

• Title V: Provision of grants to State agencies ' 
to strengthen planning, administration, and dis- 
semination of statewide educational data at the 
State agency level. 

• Title VI: Placed a restrictive clause on Federal 
involvement in State and local education pro- 
grams, specifically over curriculun^,4^rsonnel, 
instructional materials, and administration. 
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Chapter 10 



Implications for Policy 



Whethar or not the new information technol- 
ogiee fulfill their educational potential mil de- 
pend, in part, on the lands of actions that the 
Federal Govemm^t takes to aastire that * 
these technologies are^used effectively and are 
made accessible to alL OTA has identified sev- 
eral areas where it may be appropriate-for the 
Federal Government to play an active role 
in its development. Anticipating structural 
changes in the economy and the growing need 
for a highly literate and technically trained 
work fwce, Ck>ngress might wish to encourage 
the greater use of educational technologies for 
manpower training and retraining. Recogniz- 
ing the educational benefits that can be de- 
rived from the use of information technologies, 
Congress might take steps to assure that the 
public has equitable access to them. Aware of 
the powerful nature of the technology, Con- 
gress might take some actions to encourage 
their effective development and use. 

Directly or indil-ectly. Federal policy to en- 
courage the use of educational technology 
would influence a number of stakeholders, 
among them: 

• institutions that provide education and 
training, 

• clients for isducational services, 

• producers of hardware and providers of 
||hformation services. 



> • producers of curriculum, /and 
/• employers. 

Legislation could be addres led specifically 
at any of tb6se groups— direct funding for 
schools to purchase technology, support for 
students taking technology-based education, 
tax writeoffs or subsidies for donations of 
technology and services, support for the devel- 
opment of curricula, or incentives for employ- 
ers to provide job training. 

In turn, all of these groups, and their poten- 
tial use of technology, wiU be influenced by the 
shape of education policy. Decisions made by 
Copgress wiU determine the roles various insti- 
tutions wiU play in the education system of 
the future. They will determine which options 
for education and training are available to citi- 
zens, as well as which citizens will have access 
to them. Th$ information industry may alsQ 
be affected. Policy will influence industry deci- 
sions about what technology and services to 
develop and market to schools. It will affect 
whether curriculum producers will develop 
high^iuality, technology-based material. Final- 
ly, policy may influence the nature and level 
of skills that employees bring to their jobs and 
the choices employers will make abou^ in- 
house gaining and retraining. 



Arguments for Federal Action 



Arguments in favor of adopting a policy in 
support of educational technology are based 
on the premise that the changes in American 
society are creating new requirements for edu- 
cation and training. They are based, in particu- 
lar, on the view that computer-based automa- 
tion in the manufacturing and service sectors 
will require workers who have new skills and 
who can be continually retrained as changes 
occur and new technologies are adopted. To 
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be retrainable, the entering work force must 
first be educated to a high level of basic and 
technological literacy. There will also be a high 
and growing demand for scientific and techni- 
cal experts. 

It appears that the educational system as 
it is currently structured and operating will 
be unable to fiU these needs. Many public 
schools face problems such as decreasing tax- 
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payer support and a decline in the quality of 
entrants into the teaching profession. While 
new commercial educational institutions may 
emerge to provide necessary educational serv- 
ices, their existence may present a serious 
challenge to nonprofit and publicly fcinded 
schools. In maldng decisions about education- 
al technologies, Congress may want to take 
.into accotmt how their application and wide- 
spread use may affect the roles of present edu- 
cational institutions. 

Information technology could be a major 
.tool for responding to these challenges. It 
could enhaiice the productivity of ejdsting in- 
stitutions and serve as the incenl^ve for the 
growth of new educational and training serv- 
ices and of new institutions to provide them. 
If these technologies fulfill their educational 
potential, the Nation as a whc(le would benefit 
from the widespread adoption of educational 
technology by both schools and other educa- 
tion providers. The Federal Government might 
decide to take an active part in the adoption 
of these technologies in order to assure their 
eqiiitable distribution, to ovet'come barriers to 
their use, and to support the national dissemi- 
nation of information. 

OTA found that, while many schools are 
adopting the use of desktqp computers, there 
is concern among educators that many schools 
may be left behind. For a variety of reasons**- 
lack of funds. Tack of information, unmoti- 
vated faculty, or parents— these schools may 
not elect to use the technology. Such a choice 
could consign their students to poor employ- 



ment opportunities and could lead to greater 
disiUusionmeiit with, and thus loss of support 
for, the public schools. . Most importantly, it 
could result in substantial inequities in the 
Way that educational services are distributed. 

Some experts think that the deyelopiment of 
good, innovative curriicultma materials may be 
too expensive for the currently limited and 
fragmented market to bear. Not enough schools 
use computcfl-s, video disks, and other technol- 
ogy to provide a large enough saleS base. 
Under these dnnunstances curriculimi produc- 
ers will be either inhibited altogether from pro- 
ducing material, or they will concentrate on 
those few applications— such as pi^ofessional 
retraining— that have a high income potential 
at the expense pf more baisic education. Fur- 
thermore, significant developmental work re- 
mains to be done before the technology can 
reach its full potential. The Federal Govern- 
ment might provide the high-risk, critical- ^ 
mass funding needed at this time to stimulate 
the development of a technology-based cur- 
riculum market. 

Finally, mechanisms for combining and 
sharing experience gained from the existing 
activities are needed. Some experts have 
pointed out a need for one or more national 
clearinghouses to review and evaluate educa- 
tional software, as well as for research centers 
where new techioiques and materials can be de- 
veloped. Again, Federal leadership is a means 
for creating or aiding the development of such 
nationwide activities. 



Arguments Against Federal Action 



Some experts have also raised a number of 
concerns about Federal involvement in stimu- 
lating the ^ucational use of the technology. 
BasicaUy they argue that the private sector 
can and will respond to the needs for improved 
education, and that education policy is the 
proper domain of local and State governments 
alone. 



Federalism has been a major element of edu- 
cational policy debates for many years. If the 
Federal Government were to xmdertake action 
to encourage the development or use of educa- 
tional technology, it is likely that concerns will 
be expressed about imdue Federal interfer- 
ences in choices considered to be most appro- 
priately made at the local level to suit local 
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needs. These concerns would be particularly 
strong if Govemxnent funds were used to de- 
velop curricula. 

Any new program initiatiyes will be careful^ 
ly scrutinized for their bud^tary iinpacts. Al- 
though few policy options appear to be extra- 
ordinarily expensive when compared to other 
education and iiesearch and development 
budgets, the Fedcff^al education budg^ is 
shrinking rapidly. incr^^ of fundmg for 
technology, no matter how nlodest, will appear 
to be at the expense of other educational priori- 
ties that, are already being tightly pressed. 

V 

Another important concern is that a Federal 
education policy that focuses on technology 
might create the impression that technology 
is a panacea. Such an impression coqld diyert 
attention as well as funds from other signifi- 



cant problems that may not be solvable by the 
technology. It could also create overexpecta- 
tion followed by unwarranted disillusionment 
aibbut the potential contributions technolog}^ 
could make to ^ucation. 

Finally, some concern has been expressed 
^bout the potential long-term effect oh learn- 
ing that may be caused by an extensive use 
of technology for education. Society would be 
augmenting or even replacing an old and well- 
known process— the classroom and teacher— 
by new technology-based methods. Some peo- 
ple antidpiate a number of possible side effects 
that might have significant negative conse- 
quences for istudents. These effects might in- 
clude shortened attention span, loss of effec- 
tive learning, or decreased opportunities for 
social interaction. 



Congressional Options 



OTA found that a brodd r^pgedf Federal 
policy options r^ating to educational technol- 
ogy have been suggested. They range in scope 
from policies that call for no Federal action to 
those that call for a marshalling .of Federal 
resources. All of these policies would, however, 
be inextricably linked to the broader education 
policy, which has recently been the focus of 
significant restructuring. Since OTA has not 
attempted to perform an overall assessment 
of Federal education policy, only a broad over- 
view of the structure of some of the more feasi- 
ble options available has been taken. 

Option 1: Subsidize Hardware 

Legislation has already been introduced to 
help schools obtain information technology. 
For example, H.R. 5573 is intended to increase 
the amount of tax deduction allowed to manu- 
facturers for donations of computer hardware. 
Such a policy would likely increase the number 
of donations of technology to schools, al- 
though the quantity woidd depend on the 
growth of the market. Firms with a large back- 
log of piu^chase orders might be less inclined 



to see an advantage in donations, even if ac- 
companied by tax writeoffs. On the other 
hand, incentive such as advertising, long- 
term market development, or a sense of public 
responsibility migi^t encourage cpntributions. 

w 

* On the negative side, some have suggested 
« that schools mig^t be the recipients of obsoles- 
cent machines as manufacturers clear out their 
inventories prior to the introduction of the 
next generation of systems. Moreover, schools 
might tend to accept inappropriate hardware 
that is free rather than purchase equipment 
that best fits their needs^ 

One congressional option would be to in- 
crease direct funding to the schools to idlow 
them to purchase hardware. Such a policy 
would have the advantage of allowing the in- 
stitutions to select the equipment they prefer. 
The OTA case studies indicated that many of 
the most successful schools that now employ 
computers used Federal funds as seed money 
for their programs. Desktop computers can be 
used to teach introductory computer program- 
ing and computer literacy without extensive 
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software. Swh a course characterized the ini- 
tial uise of computers in many of the schools 
that OTA examined. In addition, a substan' 
tial increase in uiebase of hardware available 
in educational institutions would provide a 
more attractive market for curriciilum pro- 
ducers. It could both encourage the develop- 
ment of material and deo^ase the price of soft- 
ware since development costs would be writ- 
ten off over a larger sales base. 

Option 2: Subsidize Software 

Many producers of educational curricula are 
interested in the growing market for technol- 
ogy-based materials, but they are uncertain 
about entry. In the early, formative stage of 
the market development, expensive develop- 
ment projects are risky, at best. In addition, 
much still needs to be learned about the bedt 
educational use of the new media. These prob- 
lems have served to slow the pace of develop- 
ment. 

In response to these probleiiis, some have 
suggested that the Federal Government pro- 
vide assistance with developmental costs of 
some major curriculum packages. Either di- 
rect funding, full Qr partial, could be provided 
to the producers, or educational institutions 
could be given funds for4;he purchase of educa- 
tional sofware.^ 

Direct support of the producers would allow 
the Federal Government to 9et priorities- in 
two ways. Curriculum packages could be/ de- 
signed around those subjects for which a clear 
national need exists— e.g., mathematics and 
science, foreign language, or adult literacy. 
And research and development concerns could 
be taken into account when setting priorities 
for projects to be funded. Support could be 
given to those that showed the most promise 
of advancing the state of the art in the uses 
of education technology. Opponents of such 
an approach suggest that priorities for these 
two concerns are best set at the local level and 
in the marketplace. 

An alternative method of support that takes 
these objfections into account would be to pro- 
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vide educational institutions funds to pur- 
chase educational software. Such a polipy 
would increase the size and likelihood of a 
potential market for software and encourage 
producers to compete for a share of that mar- 
ket. Priorities for subject matter would then- 
be set in the market by the userd and produc- 
ers, and competition would result in increased 
quality and decreased c^sts. Opponents argue 
that many potential educational users are not 
yet sophisticated enough to exercise their best 
judgment. Their naivete, coupled with the ex- 
penditure of Federal rather than local funds, 
cotild encourage wasteful expenditures on well- 
marketed but educationally unsound curricu- * 
lum packages. 

Option 3: Assume a 
Leadership Role 

The lack of information by the potential 
users of educational techn<^ogy is the basis for 
suggestions that the Federal Government play 
a leadership role, particularly with respect to 
the elementary and secondary schools. Few 
teachers or school adioinistrators are trained 
in th^instructional use of computers or other 
electronic media. Unsound decisions in imple- 
menting technology and selecting curriculum 
packa^^s could be extremely costly to schools. 
Money would be wasted, and potential bene- 
fits could be lost. Fxirthermore, exaggerated 
expectations or a bad initial experience with 
technology resulting from a poor implementa- 
tion strategy could lead to disillusionment 
with educational technology and to significant 
delays in its appropriate implementation. 

At the same time, OTA case studies suggest 
that, at least in a number of schools, there is 
a great deal of interest and motivation by fac- 
ulty and administrators, students and parents, 
and local industries to promote the use of com- 
puter technology. This motivation, if properly 
informed and gtiided, could be an important 
driving force for the implementation of educa- 
tional technology. 

The Federal support might take the form of 
funding for teacher training, either inservice 
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or preservice in the teacher colleges, for dem^ 
onstration and development centos, or for 
information clearinghouses. Such activitie3 
might be undertaken directly by the Govern^ 
ment, or through the encouragement of a vari- 
ety of institutional partnersMps involving edu- 
.cation, industry, and nonprofit foundations in- 
terested in education. S. 2738, for example, 
would provide tax credits to firms that hire 
public school math and science teachers diir- 
ing the sununer. 

OTA has found general agreement that 
there is a significant lack, particularly in the 
area of precoUege science and mathematics, pf 
qualified teachers. The t:oncem has been ex- 
pressed both about the numbers of teachers 
being trained and their quaUty. The Federal 
Government has funded teacher trainhig pro- ^ 
grams in the past, particularly in areas where 
there was a vital national need. For example, 
inservice progranois in^cience and mathemat- 
ics education were funded by the National Sd^ 
^ ence Foundation. . ^ 

A major problem noted by some experts and 
adiQinistrators in the area of computer train- 
ing is the natural competition of the private 
sector for people with abilities in this area. One 
effect of the growth of the knowledge industry 
has been to increa^ the earning power of indi- 
viduals with expertise in science, mathemat- 
ics, and engineering disciplines. This trend is 
particularly apparent in the computer-related, 
fields. ^ 

This problem creates a need for more teaqher 
education. However, it also suggests that^ 
while salaries remain significantly lower in 
education than in other sectors, teachei^s whldi ^ 
receive such training would need to take thisT , 
possibility into account, through mechanisms 
such as: 

• making commitments to the teaching pro;, 
fession part of the selection criteria, 

• making contractual agreements with 
teachers attending the {Irograms that 
they will return to teaching, 

• making agreements with local industry 
not to hire teachers newly trained in com- ^ 
puter technology. 



• 'setting Up cooperativeprograms with lo- 
cal industry to provide summer jobs to 
teachers that hayp been trained in com- 
puting, and 

• using differentials to encourage teachers 
with more marketable skills to stay in the 
education profession. 

The clearinghouse ahd demonstration center 
suggestions respond to the other major non- 
idonetary barrier: lack of information and 
guidance on how to institute and use educa- 
tional technology. For many years, sugges- 
tions for various forms of such centers have 
been put forth. They could perform a wide va- 
riety of functions, including the fdlowing: 

• evaluate educational software and dis- 
seminate their findings. The extreme case 
of this review process would be for the 
center to certify software as educationally 
valid; 

• provide a location and experienced staff 
for tea<^hers and administrator training 
programs; ^ 

• provide expert consulting and guidance, 
^, since salaries at such a cehter might be 

more competitive; 

• serve as an instructional test bed for both 
new t^hnology and new teaching tech- 
niques that integrate instruction and 
technology; and 

• Identify and examine in detail those insti-^ 
tutions that have already successfully 
adopted technology in order to share their 
experiences more broadly. 

Optipn 4: Incorporate 
Technology Initiatives in 
General Education Policy 

Congress maked policy that broadly ad- 
dresses the general problems and needs of edu- 
cation. This broad legislation could be tailored 
where, appropriate, either to encourage techno- 
logical use or to remove imintended barriers 
to such usage. 

' To the extent that education legislation is 
created based on a view of the educational sys- 
tem—needs, providers, and mechanisms— pol- 
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icy should also take iiito account the possibil- 
ity of change from the information revolution. 
For example: 

• Vocational education must take into ac- 
count the problems of experienced work- 

. ers displaced by^itftomation and the new 
skill requirements of high-technology in- 
dustry. 

• Veteran's education must consider wheth- 
er continuing adult education will shift 
focus from schools to industry or even to 
the home. 

• Special education will need to consider the 
ehormous potential of information tech- 
nology to improve the access of handi- 
capped to the information stream of U.S. 
society and, hence, to eafieational services 
specifically tailored to their needs. 

Impacts 

Any policy relating to educational technol- 
ogy will need to be evaluated, not only for its 
direct effect, but also for the potential it holds 
for longer term impacts. OTA has identified 
thfee general areas of potential impact that 
seem particularly significant for Federal pol- 
icy. 

Implicit Choices 

Congress could influence the long-term de- 
velopment of the educational system through 
policibs that deliberately or unintentionally 
favorea particular institutions, clients, or tech- 
nological mechanisms. As a result, there could 
be significant long-term effects on who is edu- 
cated in our society, for what purpose, who 
provides it, and what mechanisms are used to 
provide it. ^ 

OTA found that a yariety of new providers 
of education and educational material are ap- 
pearing and that the roles of traditional insti- 
tutions are shifting. It is possible that infor- 
mation technology will be a powerfeil tool.for 
decreasing costs of instruction or for increas- 
ing the quality, distribution, or variety of edu- 
cational offerings. If so, those institutions that 
are able to adapt to its use most quickly will 
, have a significant competitive advantage over 




those that ctonot. By focusing on the needs 
of one or more of these institutions—e.g., the 
public schools, libraries, or industrial training 
facilities—at the exclusion of others. Congress 
could influenc^hat competitive balance. 

Certain objectives may overtly dictate such 
policies. For example, if it were determined^ 
that public school's lack of access to edu- 
cational technology put their students in a 
severely "disadvantaged position. Congress 
' could, for public policy reasons, fopus policy 
on public schools in order to strengthen them 
institutionally. If it were determined that the ^ 
proper Federal interest was to see that infor- 
mation literacy increased among the popula- 
tion in more general terms, policy might ad- 
dress the needs of libraries or museums. Policy 
that addresses the need for job training might 
concentrate on industrial education. 

Certain clients for educational services may 
also be favored over others. To the extent that 
different institutions serve different sets of 
needs, the policy impacts on institutional roles 
discussed above wiU also affect the clients. In 
addition, a number of Federal education poli- 
cies—those concerned with special education, 
foreign language instruction, etc.— are specif- 
ically tailored 4o the needs of particular 
learners. 

Finally, policy may be directed at specific 
technologies. OTA found that a wide variety 
of computer, telecommunication, and video 
technologies have potential educational appli-*^ 
cation. Fxirthermore, they can be combined in 
new and unexpected ways to form instruction 
systems. Pojdcies narrowly focused on one 
technology T- microcomputers, twp-way cable, 
etc.— could mhibit the full exploration of the 
potential of the much wider colle<;tion of infor- 
mation technologies.^ 

Potei^tial Equity Iknpacts 

OTA found concern among some experts 
that the widespread implementation of educa- 
tional technology could create issues of equi- 
ty. Information technology could accelerate 
the existing tr«id of educational services mov- 
ing into the private marketplace. To the ex- 
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tent that such a trend affects both the cost and 
accessibility of instruction, ii may have a dif- 
ferantiai impact on the ability of groups within 
the society to become educated. The cost of 
education may increase beyond the economic 
means of some. Providers may not have an in- 
centive to meet certain needs if they see less 
potential for profit in them. Regions may be 
geographicaUy isolated, without access to vital 
telecommunication technologies that could 
provide needed educational services. 

On the other hand, information technology 
could also substantially improve access to 
high-quality educational services. Communica- 
tion services such as direct broadcast satellite 
can bring instruction to remote areas. In-home 
information technology such as two-way cable 
and personal computers can improve the 
homebounds' access to education. Technology 
could provide effective education in areas such 
as bilingual education, supplementary tutor- 
ing for children with learning disabilities, or 
assistance in classroom communication for the 
physically handicapped. 

To the extent that Federal i>olicy influences 
the impact of educational technology on access 
to education, it will also likely influence both 
the access of affected groups to jobs and their 
ability to participate in an increasingly com- 
plex society. 

Lfong^-Term Educational Impacts 

FinaUy, over the long term, a major societal 
dependence on information technology could 
have significant educational and psychological 
effects on the U.S. i>opulation. We have little 
information about what those effects might 
be. While the educational effectiveness of in- 
formation technology seems generally to be ac- 
cepted, not much has been learned about the 
more subtle effects on learning or the possi- 
ble impacts of more extensive, long^ term use. 
Most likely, some skiUs will be enhanced by 
use of technology while others may be lost or 
lessened. 

To the extent that changes do occur, there 
may be concomitant changes in the skills de- 



' mandedby society. For example, some experts 
argue thatr simple arithmetic skills may be less ^ 
important in a world of pocket calculators and 
automated cash registers, and that spelling 
may be less important in light of niodem word 
processing systems that correct errors. Even 
more importantly, if more and more jobs may 
require the use of computers and automated 
data bases to solve problems, then the skills 
that are particularly enhanced through inter- 
action with a computer-based education sys- 
tem may be very important in the future. 

The analysis of potential policies and their 
impacts suggest that, while any particular ac- 
tion will affect the future use and development 
of educational technolpgies, none of them can, 
by themselves, meet the total challenge facing 
American education today. As this OTA re- 
port demonstrates, to meet the educational 
needs of an information society will involve aU 
individuals, groups, and institutions. It will 
require the use of a full range of educational 
approaches and technologies. It will, more- 
over, entml overcoming a wide variety of com- 
plex institutional and social barriers. And it 
wiU necessitate a thorough understanding and 
the continued monitoring of these rapidly un- 
folding technologies. ^ 

The information age is having a profound 
effect i^n American education, increasing the 
need and the demand for a broad variety of 
educational services. The Nation's educational 
needs are not now being met, creating a situa- 
tion that could impede the Nation's economic 
growth, undermine its international competi- 
tive position, and increase and exacerbate the 
socioeconomic divisions within society. The 
new information technologies offer a promis- 
ing mechanism, and in some cases the only 
mechanism, for responding to these educa- 
tional needs. Their widescale application will 
signific^tly affect how and to whom educa- 
tional services are provided. Such changes will 
present both challenges to and opportunities 
for American education. Congress could take 
a number of specific actions to affect the devel- 
opment, educational application, and distribu- 
tion of information technologies. But such an 
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fc««ro«rh would address onlv a single aspect account the changing needs for education and 

Tt^to^l^^dtZ^ladZdesirZe training, considerations of eqmty. and c^^^^ 

* «d Xpe^ side effSts. If this is to be ing institutional roles, will be required, 
avoided, a broad approach, which takes into 
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Appendix A 

Case Studies: Applications 
of Information Technologies 



This appendix presents a series of case studies 
exploring the applications and uses of technologies 
in a variety of institutional settings. All were cho- 
sen to depict current, state-of-the-art uses within 
institutions where application has been successful 

The seven studies describing information tech- 
nology in the public schools were select^ to in- 
clude examples from the Northeast, Midwest, 
South, West, and Far West regions of the United 
States— and to include rural, suburban, and urban 
school settings. In choosing sites to visit, the 
major criterion was that activities involving tech- 
nology were already under way and well-estab- 
lished. These cases were also selected to cover a 
variety of instructional uses of computers; com- 
puter literacy, computes as instructional delivery 
systems (CAI-CMI), and computers as tools for 
problem-solving. 

Three case studies of applications of information 
technologies in corporate instructional programs 
are presented to illustrate computer-assisted in- 
struction, computer-managed instruction, comput- 
er-based simulation, video disk, and teleconferenc- 
ing. The studies have been drawn from the airline, 
high-technology, and tobacco products industries. 

Use of information and communication technol- 
ogies has affectefl all aspects of library services. 
With a broad overview of different applications 
within different types of libraries, there are exam- 
ples of new and innovative programs that are local, 
county, statewide, and national in scope. 

As in libraries, information technology has 
changed the nature of educational services pro- 
vided by many museums. Recently, more and more 
museums have been incorporating information 
technology, particularly computers, into both their 
exhibits and their educational programs. A survey 
of the uses of the technology in museums and a 
case study on a new childrens' museum in Wash- 
ington, D.C., are included to demonstrate qurrent 
programs. 

All branches of the military have nutde substan- 
tial investments in research and development 
(R&D) on applications of information technology 
to education as weU as investments in ongoing pro- 
grams utilizing these technologies. Deocripticms of 
some of the ixdlitary's educational programs are 
included to illustrate the types of programs 
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funded, the riinge of educational needs found in the 
military, the uses of infogrmation technology to ad- 
dress these needs, and the extent to which these 
programs may be applicable to the civilian educa- 
tional sector. 

Two other sections— information technology and 
special education, and information technology in 
the home— are also included in this appendix. Since 
special education is a field, not an institution, OTA 
did not fully explore the uses, impacts, and effects 
of these technologies in this area. However, be- 
cause the technologies will considerably affect the 
schools in general, OTA examined the possible ap- 
plication of these technologies for teaching the 
gifted and the handicapped In a similar vein, OTA 
took a broad overview of educational services that 
are now available to be delivered directly to and 
in the home. 



Computers in Kducation: 
Lexingfton Public Schools 
Lejungftoiiy IVf ass. 

The Computers in Education program of the 
Lexington, Mass., public schools was selected for 
study because the district is considered to be a 
leader in the application of computer technology, 
with experience and expertise that spans over 16 
years. Located next to Route 128, the home of a 
thousand high-technology companies, the district 
typifies a conmiunity where parents' technical ex- 
p^tise, leadership, and support have had a signifi- 
cant impact. The Lexington experience illustrates 
a variety of computing applications, developed by 
individual teachers with leadership from ^he dis- 
trict's long-range planner and computer specialist. 
The program also demonstrates a major planning 
effcHt involving teachers, administrators, and pa]> 
ents. This 2-year effort has resulted in a com- 
prehensive blueprint for computers in education 
that depends on the dilstrict's continued ability to 
handle financial constraints (Proposition 2Vt) 
through frugal budgeting, redistributing available 
funds, and forming new partnerships with the 
conmiunity (town government) and the private sec- 
tor. ^ 

17'^ ler 




Fifth or«d« students (•! Itft) at Flikt School, Uxlngton. Ma»t.. gsthsr about thalr homaroom's computar conaola, 
llnkad to tha Laxlngton School Syatam'a malnframa Digital Equlpmant Corp. computar, houtad at tha Laxington High 
School Tha computar la mada avallabla to all of tha atudanta In tha claaa, much aa ara booka. activity fllaa, mapa, 
racorda and educational matarlala of all nature. Thalr homeroocn teacher aaalgna atudanta to tha keyboard on a rotating 
basis, giving them aaslgnments which enhance their computer literacy 



The Setting 

Lexington, one of the suburban towns that sur- 
rounds Boston, is located in the heart of the 
State's booming high-technology area. Many of 
the Lexington parents and community members 
are employed by the nearby technology industries 
in white^Uar tedmical and managerial positions. 
There has been continual and strong community 
involvement and support for the schools, with a 
tradition of community participation in tdwn gov- 
ernance and decisionmaking. 

Contrary to trends in other districts, 90 percent 
of Lexington parents send their school-aged chil- 
dren to the public schools. Assistant Superintend- 
ent Geoff Pierson observes that the flight to pri- 
vate schools has not occurred because "there is 
consensus about what the schools are doing and 
parents feel that the schools represent their chil- 
dren's interests/' 



Lexington is also a relatively homog^hieous, af- 
fluent, middle-class community. The school-aged 
population is 96-percent white, 3-percent black, 
and 2-percent Oriental. Seventy percent of high 
school graduates go on to a 4-year college. Lex- 
ington boasts of having the largest number of 
merit scholars in the area, in part because there 
are many "smart kids" in the system, but also 
because "our program is rigorous and interesting." 

A total of 5.625 students are enrolled in grades 
K-12 in seven elementary, two junior high, and one 
high school Five years ago, the district, accurately 
projecting serious enrollment declines, planned 
and prepared for significantly fewer students. 
Over that period fiye schools were closed and 150 
teaching positions were abolished, while teacher/ 
/Student ratios were held constant and the number 
of instructional programs was increased. Accord- 
ing to Superintendent John Lawson, declining en- 
rollments, continuing inflation, and the passage of 
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Proposition 2Vi. resulted in the allocation of fewer 
resources to the public sector. 

However, Lawson states that the school admin* 
istration and the school committee have avoided 
serious problems by planning carefully and spend- 
ing frugally, "In an era of limited resources we 
have had to develop better priorities, monitor our 
successes, and determine where we want to go 
mext." Not all parents and staff have been happy 
with the budget decisions and allocation of re- 
sources, but they agree that Lexington has fared 
better than other districts in the State. There is 
consensus that the over $17 million 1981-82 budg- 
et, with a $3,024 per pupil expenditure, supports 
a comprehensive, high-quality educational pro- 
gram. ^ 

Computer Applications in 
the District 

The district's first computer, a Digital Equip- 
ment Corp. PDP-8 with 14 terminals, was pur- 
chased with Federal funds by the mathematics de- 
partment in 1965. Math-related computer courses 
were first offered to high school students, and a 
year later to junior high school students. As teach- 
ers and students became involved, interested par- 
ents worked with them to develop software, to ex- 
pand programing skills, and to train others. 

Spearheading all of the computer activities. 
Walter Koetke. computer coordinator (no longer 
with the district]^ encouraged parents and teachers 
and, according to many, demystified computers. 
He taught his colleagues BASIC, designed soft- 
ware for the system, and set the foundation for 
Lexington's computer applications. A math spe- 
cialist trained by Koetke worked with an advanced 
group of primary students, transporting these 
youngsters to a nearby junior high so that they 
could have once-a-week computer experiences. One 
of the youngest, a first grader in the group, later 
became one of the I^xington high school program- 
ing stars. By the late 1%0's. Lexington led in ef- 
forts to bring computer-related experiences to 
groups of fifth and sixth graders who were trans- 
ported to junior high schools by their schools' 
math specialist and by parent volunteers. 

In 1975. with leadership from Frank DiGiam- 
marino (director of computer services). Koetke, 
and others, the district obtained funding from the 
Massachusetts State Department under title VI. 
part B to develop a computerized system to deal 
with the real prpblems of data management in a 
local school district. Project LEADS developed 
software for a wide range of management func- ' 



tions— e.g.. budgeting, accounting, scheduling, at- 
tendance, and student and personnel dateL Project 
funds also supported the purchase of a DEC PDP 
11/40 and peripheral hardware. Shortly, this 
system was also used to support instructional ac- 
tivities at the secondary schools— primarily in 
math and science, but also in other areas. 

Parents soon'1t>egan to push for computer use in-^ 
the elementary schools, locating unused terminals 
at work, donating personally owned equipment, 
and helping the schools get the hardware instaUed. 
In addition, parents and math specialists trained 
' teac^hers. Because teacher acceptance and use of 
computers was minimal, parents took over opera- 
tion of the terminals and trained additional parent 
volunteers to enable pupils at all elementary 
schools to participate. These computer activities 
continue to build genercd computer awareness and 
comfort €ind to engage students in problem-solving 
activities, drills, and games. When microcomput- 
ers came on the market, the Lexington computer 
activitists were r^ady to move. 

The first four Commodore PET microcomputers 
were purchased with discretionary funds in 1978, 
and a half-time position for a computer specialist 
was created. A year later, an additional 35 PET's 
were purchased with Federal Title I VB funds and 
PTA gifts. At the beginning of the 1978 school 
year, workshops were offered to reach all teachers 
to integrate them into instruction. The plan was 
to diffuse computers among the schools. With a 
total budget of only $800, a computer specialist 
(Beth Lowd) was hired to work with each school; 
community volunteers were enlisted to write soft- 
ware for the PETs or adapt software from the PDP 
11; and a catalog and materials library was as- 
sembled. 

In June 1980, it was clear that short-term, un- 
planned use wasn't working. Rotation of the equip- 
ment was modified to concentrate resources in the 
rooms of interested teachers, and a ''models** ap- 
proach evolved. The wide diffusion of computers 
was seen to depend on successes in individual 
classrooms first. Another lesson learned was that 
the microcomputers had to be available for more 
than a few weeks (e.g., one semester or all year) 
to ensure maximum payoff in each classroom. 

By 1980, more than 20 models were imple- 
mented with a focus on computer literacy and ap- 
plications in math, spelling, social studies, science, 
and language arts at all grade levels. In each case, 
models were developed by individual teachers, a 
team of teachers, or the entire school staff. In 
many instances, school principals provided staff 
support, while central office staff wrote grant pro- 
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posals to the school board to get additional funds 
for microcomputers, software; teacher planning 
time, etc. 

To build awartaess of computer potential and 
to obtain support for the ongoing activities, a 2- 
day leadership conference was held in October 
1980. More than 90 district educators attended. 
Experts from Massachusetts Institute of Technol- 
ogy (MIT), area colleges, regional cooperatives, 
local school districts, and the private sector made 
presentations. Teachers from the Lejdngton dis- \ 
trict demonstrated hardware and software and 
structured hands-on experiences. The conference 
was followed by the formation of computer plan- 
ning conunittees. 

Workshops and training sessions followed that 
were intended to provide most of the staff some 
training, at least at the awareness level. Teacher 
participation has so far been voluntary. All of the 

; district's library media specialists have had exten- 
sive training and« as a result, ha^e initiated several 
projects: a computerized annotated listing of 
16mm films; a materials data base for all nonprint 

' materials in the district; and a computer center/ 
library media pilot. The media specialist's role has 
expanded in Lexington; in recent budget planning 
sessions library positions were held constant, part- 
ly because of the school committee's conmiitment 
to computer activities and because of the plan to 
focus computer centers around the media center. 

Currently, the district's 60 microcomputers, 2 
minicomputers, and 33 terminals support the fol- 
lowing uses: 
Kindergarten • Grade 3 

• Reinforcement of number and letter skills 

• Computer awareness and independence 

• Phonics instruction 

• LOGO models 

• BASIC for primary grades 
Grades 4 • 6 

• Word processing for editing 

• BASIC for problem solving 

• Using terminals in the classroom 

• LOGO f 

• Skills reinforcement 
Grades 7 - 9 

• BASIC and computer literacy 

• Word processing for writing 

• Simulations in science 

• * Skills reinforcement 
Grades 10 - 12 

• Six math electives ranging from computer 
awareness to computer science and assembly 
language programing 



• Business applications 

• Science applications 
Library 

• Materials data base 

• Computer center/library media center pilot 
Management and Systemwide Administrative 
Services 

• Program budgeting 

• Program accounting 

• Fiscal reporting 

• Scheduling 

• Grade reports 

• Student and personnel data 

Parent Involvement and 
Community Support 

Parents have participated in the computer activ- 
ities and served as a resource byr 

• providing technical advice and assistance. 
Parents serve on advisory and hardware pur- 
chasing conunittees, help install equipment, 
troubleshoot problems, and support computer 
plans in school board deliberations; 

• writing educational software for the time- 
share system and the PET microcomputers 
and by inputing data in the materials data 
base; 

• helping train students, teachers, and other 
parents on the terminals. Parents help in indi- 
vidual classrooms using microcomputers, and 
participate in district-level workshops; 

• assisting with computer clubs before and after 
school; 

• supervising the use of the timo-sUhre termi- 
nals in the elementary schools; and 

• purchasing and donating equipment. PTAs 
raised funds to purchase additional microcom- 
puters. Other parents donated personaDy 
owned computers and terminals or found ex- 
cess equipment that was no longer being used 
by companies. 

Gloria Bloom—a parent volunteer, MIT gradu- 
ate, and former computer programer— estimates 
that parents currently spend approximately 70 
hours a week operating the time-share terminals 
in the elementary schools. Parents also come to 
school conunittee meetings and meet with the 
superintendent and school principals to help ad- 
vance the program. Some observers of the Lexing- 
ton program suspect that parents have led the edu- 
cators by pressuring and demanding computer 
programs for their children. Parents point out, 
however, that educators must play the key role if 
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computer technology is to become integrated into 
the educational process. 

Although the major industries are literally next 
door to Lexington, corporate-level involvement 
with the school system is not direct. Rather, col- 
laboration is primarily through the parents of the 
pupils or through interested individuals in the 
community who are also connected to the private 
sector. Through these individuals, hardware is do- 
nated, software is developed, company tours are 
conducted, and information on careers is dissemi- 
nated. 

Impacts 

Ironically, increasing success has created prob- 
lems. DiGiammarino describes the issues in terms 
of **the ecstasy and agony of computers.*' As edii-^ 
cators' experience broadens and expertise deveU 
ops, the potential uses for computers is recognized 
—the ecstasy. "This, however, is tempered by the 
realization that all th^ conditions necessary to 
reach the ecstasy do not currently exist— the 
agqny.'' For example, more and more teachers are 
moving ahead with classroom applications, enroll- 
ing in workshops and degree programs at nearby 
universities, and, at the same time, requesting 
mor^ equipment, software, and in-service training. 
The present time-share hardware systems are 
aging fast; the microcomputers break down and 
are difficult to maintain the demand is greater 
than the supply; and funds for teacher in-service, 
professional development, and sabbaticals are lim- 
ited. 

Impacts on Students. Students are motivated 
and interested in computers, and there is evidence 
of improved student performance through skills 
reinforcement drills. But the existing software for 
the minicomputers and microcomputers, obtained 
through commercial sources and parent, teacher, 
and student development, is limited in scope. 
Although high-quality software is becoming avail- 
able, it is very expensive. The LEADS system has 
both management and instructional applications, 
but its users are primarily central office staff and 
special education staff. Its potential for diagnosis 
and tutoring applications and materials retrieval, 
however, is high. According to school officials, 
what is needed to make LEADS fully operational 
is an upgraded minicomputer, a unified distribu- 
tive network, and training for both administrators 
and teachers— to implemented during the sec^ 
ond year of the long-range plan. 

Finally, there is the issue of program diversity. 
As programs evolve, different approaches are de- 



veloped by individual teachers. Each elementary 
and secondary school uses terminals and micro- 
computers, but the applications and the penetra- 
tion into all classrooms varies. Some teachers have 
greater interest and expertise, hence their stu- 
dents have different experiences. Parents in some 
schools have become more involved, have access 
to resources, and are willing to push harder than 
others. Principals juggle with conflicting needs 
and set different priorities. The issue of equity in 
access and quality has concerned Superintendent 
Lawson and his administrative staff. More than 
any other f actof, it has led to increased leadership 
responsibility for DiGiaromarino, an expansion of 
Lowd's activities, and the creation of planning 
committees. 

For members of the district's computer curricu- 
lum committee, as well as for others heavily in- 
volved with computers, the benefits to teachers, 
their students, and the program outweigh the 
problems or frustrations. Teachers point to their 
new computer expertise. Many have written their 
own programs, and others have helped design and 
implement computer models and ctirriculimi mate- 
rials. Mainly by trial and error, teachers have made 
the computer work, and they feel good about what 
they and their-^ students have learned together. 
There is a pervasive enthusiasm. 

Dave Olney, high school physics teacher, imple- 
ments one pf the district computer models for 
using the Apple computer in physics. He spends 
hours writing programs and expanding his own 
knowledge and previous experience with the DEC 
system. He is excited about using the microcom- 
puter to speed up and improve laboratory activi- 
ties by having students punch-in data, calculate 
results, and get ua^mediate feedbacks He sees a 
whole range of applications including the feasibil- 
ity of modeling problem-solving processes in phys- 
ics. His enthusiasm results from the intellectual 
stimulation he derives from the logic processes 
that he uses as he programs these activities. 

For other teachers, satisfaction comes from ob- 
serving the progress of their students in writing, 
in math and reading, or in simply feeling com- 
fortable with computers in a variety of settings. 
There is no question that students are enthusiastic 
users. A group of third and fourth graders work- 
ing with LOGO and problem-solving strategies, in- 
terviewed by their teacher, Florence Bailey, re- 
ported that learning is fun, that mistakes can be 
handled, that solutions can be derived through ex- 
periencjB, and that mastering programing skills is 
challenging: ' 



ERIC 



I7t. 



192 • Informational Technology and Its Impact on American Education 



Eric; It's fun, but it's actually school work. It's 
better than recess! Brad and I make a good 
team. He knows things I don't know, and I 
'know what he doesn't. 

Tim: If you're bored, you just work on the com- 
puter, and you're not bored anymore. 

Tanya: I cafi make my awn designs and pictures. 
You're learning while you're having fun. 

Chrissy: The big one upstairs is already programed. 
This one you can learn to program with your 
own things. 

Shannon: You can learn by yourself ... if you make 
mistakes. You can fix a circle that's too big. 

Increaaing numbers of Lexington students, par- 
<^ic\ilarly by the time they reach high school, have 
expertise in programing that is imptressive. Ed 
Good, director of the high school computer math 
center, points proudly to students who have writ- 
ten software for the districts' data management 
system, for elementary claBsroom instructional ac- 
tivities, and for small businesses in the area. He 
cites the high school sophomore who designed the 
interface to transfer (download) programs on the 
PDP 11/40 to the PET'9, thereby saving the dis- 
trict thousands of dollars. 

From the models and from other uses, it appears 
that computers are, and will continue to be power- 
ful tools for both teachers and learners. This no- 
tion explains, in part, why an increasing number 
of staff members are using computers or are inter- 
ested in having computers in their classroom. Jody 
Josiassen, a fourth grade teacher, describes hid 
2-year involvement: '*In my teacher training pro- 
gram there was nothing in my education that 
spoke to this— the hardware— the software. It's a 
brand new field. I get excited about it from a teach- 
*er's point of view because I think it can do things 
in "the clasproom for me that I've struggled with 
in the past." 

' Finally, in further justifying the comprehensive 
plans for future computer applications, I^exington 
administrators and teachers point to their high- 
technology community and to the increasingly 
technology-related world. Two-thirds of Jody 
Josiassen's students have their own home comput- 
ers. He views this phenomenon as the "iceberg out 
there and I 'm at the very tip. ' He also sees that 
the schools need to be part of the momentum, "to 
catch it. structure it and use it . . . and help my 
students develop their goals top use it." 

The Future 

Implementing the Long-Range' Planar Co|n- 
puters In Education. With district implementation 
of the long-range plan, the following examples will 



become not only possible, but commonplace. The 
planning document projections include: 

• A third grade student at a computer station 
ready to LOAD, RUN, and LIST a program 
from Jtape or disk. 

• A teacher at a computer termini^ obtaining 
a list of all nonbook resources owned by the 
Lexington School System related to a specific 
subject heading for students at the seventh 
grade instructional reading level. 

• Elementary school students work at comput- 
er stations in the learning center or on teach- 
er prescribed learning activities which have 
been integrated into the curriculum. 

/ • The coordinator of language arts updating the 
language arts curriculum data baae from staff 
evaluative information. 

• A junior high school student electing to take 
a followup computer course as a result of pos- 
itive experiences in the required computer lit- 
eracy program. 

• A student at the senior high school level de- 
signing his/her own data base management in- 
formation system. 

• Teachers or students usin^ixmiputer termi- 
nals to address computerized imormation sys- 
tems anywhere in the Nation. 

• A teacher queries a terminal to determine ex- 
actly what are the educational plan objectives 
of two students in the class and what is their 
progress to date. 

• A program director querying a terminal to de- 
termine the exact cost to date of his program 
and precisely whSt portion of that cost has 
been used for special needs programs. 

• A counselor using the computer to assist 
scheduling a new student. 

• An elementary principal, concerned about the 
validity of the academic level recommended 
for his students moving to junior high, using 
a terminal to examine how previous students 
have achieved in seventh grade relative to the 
level recommended by his school. 

• The data-processing center adding to the data 
base the information from the annual battery 
of basic skills tests given to one-quarter of the 
schooh^pulation. Also, printing report cards 
and searching for those students whose aca- 
demic achievement is declining. 

Acquisition and Placement of Hardware. Key 

implementation strategies include the acquisition 
of equipment' over a 6-year period, with a mix of 
microcomputers, terminals, and replacement of the 
system's PDP 1 1/40 and 8. Each school will have 
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a gluster of inexpensive portable microcomputers 
and terminals that tie into the central system. The 
upgraded central minicomputer system will signif- 
icantly expand capacity to handle a curriculum 
materials data base, software collections, and stu^ 
dent information and management functions. 
Each elementary school will have a computer 
learning center supervised by the library media 
specialist. A center or duster will be equipped with 
the foUowing: 

• 1 1 small microcomputers (several available for 
loan to individual classrooms), 

• three CRT terminals hooked to the central 
minicomputer, 

• one printer directly tied to the central mini- 
computer, and 

• one printer for the microcomputers network- 
ing and electronic nuul equipment. . 

Similar centers will be established at the junior 
high school, with one center servicing the needs 
of the computer literacy curriculum as well as the 
academic areas outside of math and science. The 
second center wiU support math and science appli- 
cations. Similar configurations are plaxmed for the 
high school, as well as an upgraded computer cen- 
ter with a replacement of the PDP 11/40 and a 
phase-out of the PDP 8. 

Funding. Recommended equipment will prob- ^ 
ably cost almost a half-miUion dollars. Up until 
now, computers and terminals were acquired with- 
out expenditure of local funds (see previous sec- 
tions of this report). With reductions in Federal 
and State funds, the district is searching for other 
alternatives, such as corporate contributions from 
the computer hardware manufacturers, to defray 
part of the equipment costs. The school commit- 
tee is also being asked to allocate funds from the 
operating budget to support the computer pro- 
gram. For 1982 to 1983, the plan is to budget 
$74,666 from local revenues, to use all of the Fed- 
eral title IVB grants ($16,000) and reimburse- 
ments to the district for student teaching from 
Boston University ($10,000), and to attempt to ob- 
tain a 50 percent discount from DEC fpr the new 
minicomputer as a corpora t<} contribution. 

Although implementation of the plan is based 
on funding sources such as Federal block grants 
and other special area funds, the availability of 
th^se resources is not guaranteed under present 
circumstances. Furthermore, funding projections 
deal solely with hardware acquisition. Costs for 
software, continued training, and maintenance will 
have to be absorbed by, operating budgets. 
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A Separate Depiurtpient for Information Sd- 
ence. The planning committee has recommended 
the establishment of an information science de- 
partment to lead program activities— handling 
staffing, budgeting, maintaining, and evaluating 
the K-12 computer literacy program. The de- 
partment would also assume responaijiility for the% 
revision, updating, and teaching of higher level 
courses on programing, systems design, and com- 
puter applications. Inservice training and other 
leadership and professional development activities 
would be handled as well. Computer literacy and 
computer science courses would be taken out^ of 
the math department, and the scope of the pro- 
gram would be broadened to include aU curriculum 
areas. No new staff positions are contemplated; 
staff members who have already played leading 
roles will be reassigned to the new department. 

Training and Curriculum Development: Com- 
puter Literacy. These efforts will continue with 
summer workshops and inservice training activ- 
ities scheduled on release days at the beginning 
of the school term and periodically during the year. 
During the summer, teachers from tltlB computer 
literacy committees will work with Lowd to as- 
semble and prepare materials for elementary and 
junior high school components. These teachers will 
be responsible for teaching the course at the junior 
and senior high schools in the fall. Resources (staff 
time, equipment! and software purchase and de- 
velopment) will Bte concentrated over the short 
terin in grades 5/8, and 10. Remaining portions 
of the new currici^um will be piloted at other grade 
levels. 

Computers in Education. It is planned to extend 
the use of computers as tools for instruction. The 
materials data base will be operational. Because 
of upgraded central computing facilities, teachers 
and administrators are expected to increase their 
use of computerized data. Also expected to in- 
crease are the communication and sharing of infor- 
mation an<i software via electronic mail among all 
schools, as well as the number of accessing infor- 
mation centers and networks within the commu- 
nity. State, and region. 

Parents and the Technology Community. Coop- 
erative efforts with local district cooperatives and 
user groups, with parents, and with the high-tech- 
nology industries is essential to^ Lexington^s 
future. How else, argue the educators, can the.dis- 
trict keep abreast of technological advances', en- 
courage or demand useful and appropriate soft- 
ware, make the best use of available resoiirces to 
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advance the long-range plan, and maximize the pcKN 
tential benefits of technology for education? 

Aq a result (Sfdistrict membership in EDCO. a 
local education collaboration. Lexington teachers 
will derive benefits from the computer resource 
and demonstration center that is being estab- 
lished. They will also benefit from the knowledge 
that they are not alone, that other districts are 
•\ copying with computer japplications, too. The reg- 
ular exchange of information with such districts 
is welcomed by the staff. FinaDy, the technology 
, community and the parent? offer valuable re- 
sources. Lewis Clapp, president of a local software 
development company and also a parent, main- 
tains "a school system that does not take advan- 
tage of the intellectual power of its parents and 
community is doin^ a disservice to its students—- 
particularly in ari erji of 2Vi's and Reaganomics." 

The parents of Lexington recognize progresss. 
but they expect more. For example. Clapp believes 
it is essential that a// teachers be computer-liter- 
ate; that pubUc and higher education efforts be 
coordinated; that computing and computer science 
curricula be fully developed to reflect the current 
state of the art; that computer tools be used to 
support the entire currictdum, not just math or 
science; and that every student has adequate ex- 
posure to computers— ''knowing what computers 
are all about and able to nm programs— maybe 
even able to write their own.by the time they reach 
high school." Clapp argues that the educational 
community and the public schools have a critical 
role to'play in meeting these gtoals, but raises seri- 
ous issues to be f ac^ now atid in the future: 
The tragedy is that national support for this is , 
nonexistent— at the time we need it the n^ost. The 
local district can't do it, Lexington— even Lexing- 
ton—might not be able to (accomplish these goals) 
with a budget limited to a 2^2 percent increiase each 
year ... It is a disaster for thiSnktion. If we fail 
to inyest in education nationally, we impact on our- ' 
future and our ability to be -productive. . . (and 
maintain) the edge we have in compiiters, i|n soft- 
ware, and in informatioirretrieval. 

Resources ^ 

Case study interview^: ^ 

John Lawsonii Superintendent 

Geoff Pierson, Assistant Superir^tendent* , 

Frank DiGiammarino, Administrative Assistant* for 
Planning and Research and Director, Computer 
Services ' ^ 

• Beth Lowd, Cpmputers-in-Education Specialist* 

Bob Tucker, Tekchier, Estabrook Elementary School* 



Martha AngeViQe,»Coordinator, Instructional Material 

Services, Curriculum Resource Center* 
Luree Jaquith, Media Specialist Bowman Elementary 

School* s ^ 

Beverly Smith, Teacher, Bowman Elementary School* 
Jill O'ReiD/, Math Teacher, Clark Juiu>)r High School 
Bruce St6rm, Tea«her, Clark Juniot- High School 
Jody Josiasseni Teacher, Harrington School** 
Dave Olney, Science Teacher, Lexington High School 
Ed Good. Math Teacher, Computer Center, Lexington 

High School ^ 
Louis Clapp, Parent 
Gloria Bloom, Parent 

*M«nb«r. CompuUr PUnnrng Curriculum Committae 
**M«nb«r, EUiXMnUry Curriculum CommittM 

Bibliogfraphy 

DiGiammarino, F»^Pm Computers in Public Education, 
The Second Time'Aroimd, preliminary draft, fall 1981. 

DiGiammarino, F., Koetke, W.. Guldager, L., and Clif- 
ford, L., Local Education Agency Data System: Proy 
\ ect XjEADS, Lexipgton Public Schools, September 

- 1976. ^ 

DiGiammarino, F., and Lowd, B., "A Position Pa- 
per—Expanding the Use of Comjmters in the Lex- 
^ ingtpn &hoola" (revised), Jime 23, 1980. 

DiGiammarino, F., and LoWd, B., Coihputers in Educa- 
tion: A Limg Range Plan, Lexington Public Schools, 
faU 1981. 

"Lexington. Public Schools, 1981-82 Budget Summary, 
: March 1981. ^ . 

Lexington Public Schools, Computers in Education, 

1980-81 report. 
Lexington Public Schools, "Computers in Education 
1979-1980 Progrkm Plan." 

Computer-Using: Kducaiors 
and Computer Literacy 
Programs In Npvato and 
Cupertino 

Introduction 

p 

The Silicon VaDey and nearby communities were 
' selected for study because the area provides a rich 
^ source and critical mass of educators, schools, 
students, parents and community member&|| and 
business representatives directly involved with 
^technology. The area is the center of the Nation's 
semiccmductor industry. It is also the home of a 
growing number of educational experts and lead- 
ers in computing. There are many examples of 
locally developed projects sprouted by individual 
teachers or administrators or parents, which have 
developed into major programs affecting an entire 
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districts' students and staff. These activities in- 
volving computers in classrooms also demonstrate 
how resources— local, State, and Federal funding, 
as weU as parent and local experts and the private 
sector— are critical to implementation. 

COMPUTER-USING EDUCATORS 

Computer-Using Educators (CUE) is a support 
group organized by and for K-12 teachers, teacher 
trainers, and others interested in the use of com- 
puters in education. Started by 12 teachers in the 
spring of 1978, the organization has mushroomed 
to a membership of 3,500, primarily in California 
but also in 48 States and 13 foreign countries. Its 
growth reflects the phenomenal growth of edu- 
cational computer applications and mirrors the 
grassroots development of programs in schools up 
and down the San Francisco Bay Area. Groups 
models after CUE have also been formed 
throughout the country. 

Through conferences, newsletters, and meetings, 
CUE is a source of information and a vehicle for 
sharing experiences with computers, and their use 
in education. In addition, CUE members origi- 
nated andnow support the Microcomputer Center 
and SOFrisWAP Library of public-domain micro- 
computer 'software housed in the San Mateo Cotm- 
ty Office of Education. To quote one member: 
Learning is a never-ending process. Formal edu- 
cation is a stn^ portion of this ongoing process. 
The role of educators is to aid the learning proc- 
esses. The philosophy of CUE should be to show 
educators— mostly by example— the role computers 
can play in the learning process. Computers can be 
used in many ways to do many functions. The uses, 
functions, methods, and materials wiU change and 
' evolve. CUE can helo discover ^d show the way.. 

Microcomputer Center add SOFtSWAP. The 
stimulus for the software exchange came from a 
San Jose State University'' prof(|psor, Vince Con- 
treras, a CUE member. He organized the exchange 
of public domain and individyally contributed soft- 
ware that was deposited in the San Mateo Educa- 
tion Resource Center (SMERC) Library in the 
spring of 1980. By the time school was out, CUE 
members had talked several of their microcomput- ^ 
er industry contacts into placing microcomputers 
in the SMERC Library on loi^g-term loan. Tandy , 
(Radio Shack) and Commodore (PET) provided the 
first systems. Ann Lathrop, coordinator of the 
Microcomputer C!6nter reports thjat the center now 
has 14 microcomputers and manufacturers help 
maintain equipment and provide new models as 
they have become available. 



The center has/a steady stream of users. The San 
Mateo County Office of Education provides space, 
maintenance,^d support through Ann Lathrop, 
library coordinator, and telloy Finkel, the coim- 
ty*s instnictional computing coordinator. Superin- 
tendent William Jennings cites the center's bene- 
fits to the county's 24 school districts. Teachers 
and administrators tiry out equipment and soft- 
ware; both Lathrop and Finkel are nearby to pro- 
vide help and expertise. CUE members and their 
district teachers and administrators take advan- 
tage of the center for meetings, training sessions, 
demonstrations, and evaluation of hardware and 
software. The center is visited by representatives 
from hardware companies and software houses, 
educators and government officials from all over 
the State and even educators from other States 
and foreign countries. 

Ann Lathrop conceived SOFTSWAP, the soft- 
ware dissemination and evaluation project, and 
garnered the support of colleagues to field-test, 
evaluate, debug, and cleanup the programs in the 
system. Through SOFTSWAP, teachers can pur- 
chase software or swap their original program for 
that of someone else. Most of the 300+ software 
programs are short, stand-alone instructional ' 
units; many are drill and practice exercises for the 
element^iry school level or for remedial work at the 
secondary level. All were evaluated by educators 
and edited for factual and spieUing errors, inaccu- 
rate or incomplete instructions, prograirdng errors, 
etc, ' 

When visitors come.to the center, they can copy 
dissemination disks without charge. Single mail 
order disks are $10 apiece, or free if a disk with 
at least one original program is contributed. Each 
disk contains 12 to 30 programs. Since the major 
thrust of SOFTSWAP is sharing with the widest 
possible distribution, programs may be freely du- 
plicated, but not sold. 

CUE Conferences 

cue's firsts conference, remembers William 
(Sandy) Wagner, founder and first president of 
CU'E, evolved from CyE's early meetings. "We'd 
introduce ourselves, share ideas on cimdculum, on 
software . . . and see more new faces each time. By 
September 1978 the small group had grown to 50 
and it was agreed that ''we can't go on meeting 
like this'* ... a conference would facilitate sharing 
and in-depth discussions. CUE*8 first weekend 
conference in January 1979 attracted^ 65 edu- 
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cators^ A few informal sessions expanded to multi- 
ple presentations, wide-ranging exhibits, and 
handasjon workshops in the fall 1980 conference with 
500 in attendance. By fall 1981, conference attend- 
ance reach«t 1,400— with some districts sending 
all their teachars to view 45 commercial exhibits^ 
• and 60 different speakers. CUE's officers and ex- 
ecutive beard members play critical roles in plan- 
ning, organizing, and running the CUE confer- 
ences. They work evenings and weekends—aU on 
volunteered time. The conference coordinators 
' handle some tasks with their own personal com- 
puters, as well. ^ 

Impacts 

The expansion of CUE membership and activi- 
ties demonstrates not only the growing interest 
and use of technology in schools, but also the fact 
that teachers need help. They are coming for more 
than heh>, some argue— they're looking for leader- 
. ship. These computer-using educators "are carry- 
•ing the message that the time to move is now," 
notes Arthur Luehrmann, former director of the 
Lawrence Hall of Science Computer Project. "The 
leaders are here in these counties who are respond- 
ing to the signals coming from society, from the 
employers, and the parents." 

When asked why CUE and the grassroots phe- 
nomenon developed where it did, many point to the 
"critical mass" of people that emerged— individu- 
als developing separate programs and expertise, 
but living cl6se enough to meet. Finkel points to 
the specia) and imique aspects of CUE. "CUE 
members ^ teachers first. We share, we don't 
have district or school boundaries. We're a net- 
work of people . . . and it's a stupendous event 
each time we meet." Furthermore, there was a 
need for support, training, information, arid leader- 
ship that neither the State education agency, the 
institutions of higher education, nor the high-tech- 
nolog^ industries were providing. , 

Future ^ ^ 

There are indications that the latter situation 
may be changing, albeit slowly. The Fremont and 
Los Gatos High School districts plan to open a 
j<Mn^ Silicon VaUey High School with support from 
the Industry Education Council. Equipment and 
training for teachers are being solicited from high- 
tech industries. The high school will offer entry- 
level vocational training and courses for the col- 
lege-bound information sdenccis major who wants 
a head start, and for other college-bound students 
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who want to learn how to use the computer and 
related tools in their studies and futiu-e work. 
Governor Brown of California, in his address 
before the State. Legislature in Jandary 1982, j 
caUed for. new priorities and action: I 
* Our schools must augment the three R's with the I 
three C's— computing, circulating, and communi- / 
-eating through technology. We will do so or suc- 
ceeding generations will inherit a society stagnating 
in the aftershodcs of massive foreign imports and 
obsolete industry. 

In addition to the first priority of an increased 
commitment to mathematics, science, and comput- 
er instruction in California K-12 schools, the State 
Education Agency is beginning to address technol- 
ogy issues. One issue that concerns many of the 
local educators is how to meet these commitments, 
given the growing disparity between districts that 
have. programs, trained teachers, and co mm u ni ty 
resources to draw on and^hose districts that do 
not. Furthermore, not every Mistrict or county in 
the State has a major industry to draw on. Even 
in the Silicon VaUey much of the private sector is 
made up of small, short-tenxi, entrepreneurial busi- 
nesses that don't have extensive resources. 

In reflecting on the grassroots development and 
the enthusiasm' of CUE, ^loyce Hakansson, -former- 
ly at the Lawrence HaU of Science and now a soft- 
ware designer and developer, cautions: **We need 
to understand the place of technology and give it 
a proper role. Don't assign aU of our ills to 
technology . . . recognize that technology is just 
another tool." Hakansson notes the new status 
and positive feelihgs of Stelf-worth resulting from 
interaction with microcomputers, but also ob- 
serves that, "software, the essence and heart of 
the computer, is less than it could be" and that 
"what youngsters are doing on computers may not 
be worth the time or money." The future applica- 
tions ought to capture the inherent interest and 
motivating aspects of the technology and match 
it with children's learning needs— to integrate com- 
puters into the teiudiing and learning environment. 

From the Silicon VaUey and surrounding San 
Francisco Bay Area conMnunit|es, two school dis- 
tricts were studied. These districts' educational 
^ computing programs were locally devd<^;>ed and 
typify the area's grassroots activities. Key person- 
nel from these districts are heavily involved in 
CUE: B^bby GoodsDn, from Ciipertino, is CUE's 
President and 'Helen Joseph, from Novato, is a 
member of CUE's executive board. In-depth 'dis- 
cussions of school district approaches to imple- 
' menting computers in classrooms follow: The 
Novato Unified, District^ a rural K-l? systetfi at 
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the northern tip of Marin County, nnd the Cuper- 
tino Union K*8 district in Santa Clara in the center 
of SiKcon VaUey. 

' N^ovato Unified School 
District, Novato, Calif. 

The Setting 

Located at the upper tip of Marin County ap- 
proximately 30 miles north of San Francisco, 
Novato Unified School District (NUSD) is one of 
two districts in the cbunty combining elementary 
and secondary schools. It is the largest of the 
districts in Marin County. It is also more rural and 
Fess affluent than other areas in the county. Agri- 
culture predominates; the major local industry is 
insurance— the Fireman's Fund. Incorporated in 
1961, Novato's community is diverse: blue collar 
workers, many San Francisco commuters, a grow- 
ing number of retirees, and personnel and families 
on the military base. The student body composi- 
tion is 90-percent white, 5-percent Asian (and in- 
creasing), 3-percent Hispanic, and 2-percent black. 
T^hree-^hs of Novato graduates go on to college. 

In recent years, student enrollments have die- 
clined and several schools have been closed. The 
" preseqt enrollment of 8,642 is expected to d<ecrease 
further and level off to 7,500 by 1985. Presently, 
there are eight elementary schools, grades K-6; 
three junior highs, grades 7-9; two high schools, 
grades 10-12; and one continuation, grades 9-12. 
One junior high school is targeted for closing at 
the end of this year. If Novato can find buyers for 
the surplus school properties it owns outright 
(three sites are currently for sale), the interest from 
these revenues can be usedior equipment and cap- 
ital improvements. 

Lo^al educators point out that while Marin 
County boasts the highest per capita income in the 
Bay Area, Novato is the "poorest part." The 
1981-82 NUSD annual budget is $23,645,286. One- 
fifth of the budget is federally funded. School fi- 
nances are and will continue to be a growing area 
for concern. Superintendent Ronald Franklin ex- 
plains the district's bind: ^ 
I Paretits expect that educatioMd programs will 
reflect excellence . . . the toughest thing we have to 
dead with in being able to handle our commitmeiat 
(to the district's comt)uter and other programs) \s 
the uncertainty of the financial postur^ of both Fed- 
eral and State governments. 
Novato's board and administration are concerned 
because they see cuts coming on flil sides. The dis- 
trict's Fedei'al iiapact aid has declined from a high 



of $938,714 in 1977-78 to «602.324 in 1981-82. In 
1982-83, impact aid is uncertain. State funds, 
which provide 70 percent of the district's revenue, 
have been cut, including categorical aid for special 
education and gifted emd talepted programs. Ed* 
ucators note that the impact of Proposition 13 
passed 4 years ago, is now being felt, since the 
State's surplus has been depleted. 

Computer Applications in 
the District 

Computer education in the district began 8 years 
ago, when a Novato junior high school acquired 
a teletype machine and shared with Dominicaii 
College the lease of a telephone ISp hookup with 
the time-sharing compute at theLawrence Hall 
of Science in Berkeley. Novato was one of seveiral 
^ . school districts linked to the Hall's Con:q)uter Edu- 
cation Project (funded by the National* Science 
Foundation). The Hall staff, Lee Berman and 
Joyce Hakansson, were invaluable resources as 
computer activities evolved, relates Helen Joseph, 
computer resource teacher and coordinator. Even 
after the time-sharing project ended, she continued 
to turn tQ them for advice and support. 

The district's first microcomputers were ac- 
quired in 1977, when the time-sharing costs were 
escalating. Richard Metendy^ former math and 
science coordinator, now school principal, and 
Joseph met with the district's director of instruc- 
tion and examined how the district might best use 
the MGM (mentally gifted minor) funds which had 
^supported the time-sharing project. The subse- " 
quent decision to purchase Commodore PETs was 
based on cost and reliability. 

Over the next 3 years the computer program 
grew rapidly, expanding to the two senior highs, 
an additional junior high, and an elementary 
school. In this small district, officials made an ear- 
ly decision to standardize hardware because- of 
teacher training, software acquisition, and main- 
tenance requirements. By 1980, there were 28 mi- 
crocomputers purchased ^th MGM State funds, 
magazine sales money, and disllrict minigrants. 

The development of the program by Joseph and ' 
Melendy had strong support trom the district ad- 
ministration. Thei^ was consensus that before the 
district went further, an external assessment and 
evaluafion was needed Arthiu* Luehrmann, former „ 
director of th^ Computer Education Project at the 
Lawrence Hall of Science, spent 3 days in Novato 
in March 1980, meeting with more than 60 people 
—students, teachers, parents, principals, district 
administrators, and school board members. In ad- 
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dition to identifying current needs and recom- 
mending future directions/the strategy was to in- 
volve and educate all those concerned with com- 
puter education in the district. Luehrmann's re- 
port stated: 

The present state of computer education in 
Novate is better than the average situatibn one sees 
in Bay Area districts today. One finds a solid base 
of ecmiputer equipment, several experienced and 
creative teachers, a larger number of interested 
teachers, student demand for increased access to 
computer classes, strong administrative support at 
most of the schools, and outstanding work at th^ 
district office in planning and managing the devel- 
opment of computer education programs in the dis- 
trict during the past several years. The parents and 
school board members with whom 1 spoke were also 
supportive of the aims and accomplishments of the 
programs thus far. 
Specific findings indicated that primary uses were 
in the secondary schools, where computer pro- 
graming courses and that computer literacy activ- 
ities closely identified with mathematics predomi- 
nated. Demand for classes exceeded supply, and 
teachers wanted more inservice training. 

Luehrmann recon^nended a cluster arrangement 
for each of the five secondary schools, involving 
approximately 15 coinputers connected to a cen- 
tral disk unit and printer. Further, he recom- 
mended that the two |iigh schools acquire com- 
puters that would facilitate instruction in a second 
programing language. In the elementary schools, 
uses were to continue to be limited to gifted pro- 
grams in view of the district's current priorities 
and available resources. luehrmann encouraged 
the development of a de facto computer education 
department, composed of the teachers of com- 
puting to develop curricula, course content, sV 
quencing, and evaluation. He suggested that the 
district also look at adntiinistrative computer uses, 
drill and practice, and other CAI applications. 
Finally, he reconmiended a gradual expansion of 
the program over a 3-year period, with a projected 
cotft estimate of $110,700 for equipment. 

The administration and school board approved 
the recommendations. In fiscal year 1980-81, 
$30,000 from local funds and IVB Federal moneys 
were used to equip the junior highs.^ A request for 
funding the second and third phase of the program . 
wa% submitted to the Buck Foundation, but was 
turned down. In fiscal year 1981-82, the second 
pha^ was funded, again from the operating 
budget, and one high school is to be equipped with 
an Apple lab. 



Current Programs 

Novato's computer education activities focuses 
on how to use the computer and include program- 
ing, problem solving, logical thinking, and debug- 
ging (tracking down errors). All seventh graders 
have a Tninimnm of 3 weeks of a computer literacy 
unit tha^ ^icludes an overview, a historical per- 
spective, basic terminology, impacts on society, 
and career awareness. This unit is followed by 2 
weeks of hands-on experiences running programs 
(modeling programing activities, games, applica- 
tions) and writing, programs. Students can also 
take elective programing and math enrichment 
courses. One high school offers courses in BASIC 
and one offers courses in BASIC and Pascal. The 
few computers in four elementary schools are used 
for computer awareness activities in upper grades 
and for enrichmeut in the gifted and talented pro- 
grams. A total of 77 computers are used through- 
out the district. 

Staff Training Programs 
and AVorksliops 

All adnMiistrators attended districtwide work- 
shops because thef Superintendent felt, ''There was 
a . need for every manager to know why we were 
supporting this program." The district also suj?- 
ported numerous teacher workshops run by Helen 
Joseph and encouraged dtaff to attend area work- 
shops, conferences, and meetings. With the train- 
ing activities of the Marin County Teachers Learn- 
ing Cooperative, a 3-year federally funded teacher 
center, CUE conferences and workshops, and the 
increasing number of courses taught at nearby col- 
leges, there have been many opportunities for pro- 
fessional development. In the spring of 1982 
Joseph offered a course for teachers through 
Sonoma State College. The district paid Joseph's 
salary and provided the computer lab facility, 
while the university provided credit. W^at wcis ex- 
citing -was that this course introduced program- 
ing without a mathematics orientation. Thus, its 
applications will be interdisciplinary and, it is 
hoped, lead to computer applications m a wide 
variety of content areas. 

Impacts ^ ^ 

In establishing the priorities for the computer 
education activities, the educators and community 
members in the district have had to ask: how im- 
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portant is computer education? As Luehrmann in 
his report to the district explained: 

There can be no simple answer to this question. 
Most people in the world have gotten along fine 
without knowing what a computer was, and today 
most educated people have never used a computer. 
But it was also true in Gutenberg's day (and for 
four centuries thereafter!) that the majority of peo- 
ple could not read or write. Yet by the eqd of the 
last century universal literacy had become an ac- 
cepted goal^of public education, and illiterates ^ere 
at a distinct vocational and social disadvantage. 
Luehrmann argues that those who have comput- 
er skills already enjoy several benefits: 1) vocation- 
al and professional advancement; 2) intellectual 
payoffs— new ways to represent or express ideas; 
3) facilitation of problem solving, particularly in 
mathematics; and 4) a desirable skill or proficien- 
cy valued by colleges. These arguments reflect the 
underlying rationale for Novato's progran^. 

Students in the district are highly motivated in 
the courses and computer units. Even when visi- 
''tors come into their classrooms, students ignore 
them, fully involved with the computer. "We can't 
keep the kids off the machines/' stated one teach- 
er. Novato also boasts of its computer whiz kids- 
students now in high schools and in their first year 
of college who have incredible programing skills. 
Some students sell programs on the side and find 
computer-related work in the summ§r. One stu- 
dent, Casey Kosak, has received national recogni- 
tion and has been featured in an article in Data- 
mation. 

Problems remain, however. Keeping up with the 
advances in technology is one major concern. 
There is already a need to upgrade several of tlve 
PETs that were purchased several years ago. Of- 
ficials know that new hardware may make their 
current inventory obsolete in a few years, but they 
haye no easy choices, especially when funds are 
limited. Another area of concern is the impact that 
computer electives will have on other areks of the 
curriculum. Computer courses fill up immediately 
while industrial arts courses are under enrolled. 
Moreover, teachers cannot easily be transfeiyed 
from one course area to another. To complicate 
matters, the options to take electives may be re- 
duced as the school day is shortened to save mon- 
ey for the district. The high schools have already 
reduced schedules from a full 6- period day to 5^/2. 

There is still the problem of reaching all of the 
student population, particularly in the high school 
"classes. Courses are still tied to the math depart- 
ment, but Joseph hopes this will soon change. Fi- 



nally' the relationships among programs and the 
competition for resources causes concern. So far, 
"we've been able to maintain a delicate balance," 
says Joseph. But she worries what will happen 
when more schools are closed and staff positions 
reduced. There is also some concern that imple- 
mentation of phase 3 (a second Apple lab) may be 
delayed, as well. 

The Future 

Integration of computers intd the curriculum is 
a major objective for the future. There is already 
some interest among secondary teachers in Eng- 
lish, social studies, business, foreign languages, 
and science. If the computer labs or clusters are/ 
used every period for computer literacy and jjjrO^ 
graming courses, this may not be feasible.,/'' 

There is also an interest in exploring adjpoinistra- 
tive uses of microcomputers in individ,u)U schools, 
particularly to retrieve and handle-Information. 
Melendy expressed his concern j^bout the dispro- 
portionate amount of time spent in looking up rec- 
ords, in gathering^data for/f'eports, and in other 
clerical tasks: "We're st^Il working at the quill 
level, when we have t^^ technology to do other- 
wise." 

Contact and interaction wjth the State Depart- 
ment of Educatiop^'and other districts in the coun- 
ty are increasina/The county teachers' center has 
become an important broker. When the State Com- 
missioner cari^e to Marin County in spring 1982 
to focus on ^(^mputers in education, he met with 
local district leaders and others at the center and 
nearby universities. 

Novato elementary schools may participate in 
a LOGO project currently being developed by the 
Marin Conmiunity College, the NJarin Computer 
Center, and the Teacher Learning Cooperative 
under a grant from the Buck Foundation. The 
Buck Foundation (administered by the San Fran- 
cisco Foundation), funds are restricted to use only 
in Marin County. Currently several proposals for 
support of computing in county schools— including 
a mobile computer education van and a series of 
workshops for teachers are being examined. 
Joseph would like to see a Marin County sym- 
posium of national experts and local educators to 
measure the impact of programs. She feels it is 
time to reflect, to examine current programs ob- 
jectively, and to identify limitations and un- 
answered questions. According to Joseph, "This 
is needed not just here, but all across the Nation." 
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Cupertino* Union School 
District, Cupertinp, Calif. 

The Setting 

Situated in California's "Silicon Valley," where 
apricot groves turn ibto computer factories over- 
night, the Cupertino Union School District (K-8) 
serves a population of 50,000. School population 
is 86-percent white, 8-pefcent Asian, 4-percent 
Hispaiiic, and 2-percent black. Although the pop- 
ulation growth rate is on^ of the highest in the 
United States, an acute housing shortage and in- 
flated costs have resulted in a decade of declining 
enrollment. Fifteen, schools have been closed. The 
12,160 students, half of peak enrollments in 1969, 
attend 4 junior high and 20 elementary schools. 
District boundaries cut across six municipal juris- 
dictions. Parents support the schools, but officials 
point out that only 26 percent of the area's subur- 
ban population have children in public schools. 

Major industries in the area are aerospace and 
computer-related. Many of the companies are 
small and relatively young. This is, a high-tech, 
middle socioeconomic community with high educa- 
tional expectations. There is interest from the In- 
d4stry/Education Council and the Chambers of 
Commerce and service clubs as the schools re- 
spond to computer-related, entry-level job needs. 

Cupertino has a mature, experienced teaching^ 
staff whpse average age is 47. Ninety-two percent 
of the teachers are in the top range of the salary 
scale. Declining enrollments and reduced staff 
positions make it difficult to maintain high morale, 
however. Officials note that the district's staff de- 
velopment and incentive programs and its com- 
puter project are **our most powerful weapon" in 
maintaining enthusiasm and quality education. 

With an annual budget of $30 million, 70 per- 
cent of funding now comes from the State, revers- 
ing ahnost exactly the ratio that existed before the 
passage of Proposition 13. Educators feel local 
control of education has eroded. The one benefit 
of declining enrollments has been the sale of ex- 
cess property. Because of high land values, these 
sales have resxilted in significant capital reserves 
which can be used for equipment and capital im- 
provements only. 

District Programs 

Cupertino is the home of the Aople Computer 
Cd.: "the boys that designed the Tipple grew up 
here," relate Cupertino educators, " .\ . and when 
they had put together their first II proto- 
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type, they showed it to us." Associate Super- 
intendent William Zachmeier and computer spe- 
cialist/teacher Bobby Goodson remember the day 
clearly. They were amazed and excited with what 
they saw. 

Several months later, when the district's JVC 
proposal for a math pr6gram to the State was 
turned down, Zachmeier urged Goodson to try 
again, but this time to try somethini; with com- 
puters. With active support from the adcMnistra- 
tion, another proposal was written. Funded by 
ESE A title IVC for 2 years, the junior high school 
project provided for a full-time director, bijt no 
equipment. In addition, IVB money was allocate 
to purchase three 16K Apples; old black-and-white 
TV monitors were located. Goodson learned by 
talking to people; attending meetings, and worked 
with students and small groups of teachers— a 
school at a time. 

For the 2 years of the projects, says Goodson, 
* Ve felt our way around and 'nickeled and dimed' 
our way." Approximately three dozen computers 
were purchased with IVB funds, MGM State 
funds, and parent donations. After IVC fundii]|^ 
ended, Goodson's position ^vas supported by the 
local district. The approach was ''to learn by try- 
ing out various approaches so that when we went 
to the board for their support of a total district 
program, we knew what we wanted.'' 

In spring of 1981, the superintendent made the <> 
district proposal to place computer labs in each • 
junior high school, and labs or clusters in half of 
the elementary schools, at a total expenditure of 
$299,337. On the night of the presentation, the 
board room was packed with teachers, administl-a- 
tors, students, and parents. ''One by one they got 
up and told the board why they wanted comput- 
ers," remembers Zachmeier. "And the board gave 
us everything we asked for," says Goodson. 

Computer Literacy Curriculum 

The computer literacy program was developed 
by teachers using computers in their classrooms. 
The program focuses first on computer awar^ess, 
and then on computer use. 

The goals is that by the end of grade 6, all Cuper 
tino students be fully "aware" of computers. By 
the end of gr&de 8, all students should have had 
the opportunity to use the computer as a tool and 
to be-introduced to the idea of programing. 
Inservice Training and Staff I>evelopment. The 
-r district has a long tradition of inservice. Staff can 
earn credit toward salary increments, in exchange * 
for released time, for conference registration fees. 
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for instructional supplies, or for university course 
work^xtensive computer inservice courses were 
developed and taught at first by Goodsdn. In ti<ne, 
those she trained taught others; the cadre of re- 
source people continues to grow. The introductory 
course begins with three short modules of two 
2-hour sessions, each followed by optional strands 
in programing (BASIC. PILOT, LOGO) and soft- 
ware evaluation and design. Courses for parent 
aides, secretaries, and others have also been 
developed. 

Approximately 80 percent of the teaching staff 
have participated in at least one course. Moreover, 
' all principals and administrative staff attended a 
1-day workshop in the summer of 1981, led by 
Riclhard Pugh* JHS computer teacher; Judy 
Chamberlin, teacher of the gifted and talented; and 
Bobby Goodson. 

Installation of the labs is to proce^ in stages 
to provide adequate time for schoolwide planning 
by each faculty and for silpport of the program by 
the computer resource teacher. Three labs were 
completed by fall 1981. By 1982-83 all junior highs 
will have labs. Each computer lab will havaa total 
of 15 student stations and a teacher demtonstra- 
tion station which includes a large screen TV and 
- a printer. Two of the labs will be equipped with 
Apples and two will be equipped with Ataris. y 

All but two elementary schools have at least one 
computer as well, and there are at least three dif- 
ferent systems in the schools. Diversity of hard- 
ware at the elementary school level, where comput- 
ers are used in a variety of ways in classrooms and 
in the media centers, presents no problems. In the 
long run, district officials now think that this di- 
versity will be an advantage. 

Sample Prog^rams 

The computer lab at Hyde Junior High School 
is a large room that acc(^mmodates the student 
microcomputer stations comfortably around three 
sides of its perimeter. Smal,l round tables cluster 
in the middle, where students come for discussion, 
instruction, and collaborative work. But most of 
the time it is the computers that are busy. While 
they input data and compose print statements, ar- 
ticles and pictures on the classroom walls remind 
them of the history of computers and where and 
how computers are used today. Students all seem 
to be working on their own assignment. While one 
student writes a program to calculate his grade- 
• point average, another designs a simple game, and 
still another runs a prese^; program. Meanwhile, 
students'at Kennedy Junior High School generate 



graphics on the computer, while elementary school 
students in the gifted and talented program at the 
Wilson Exploration Center develop new thinking 
skills using the computer, and then debug their 
original programs. 

At Muir Elementary School, computers can be 
checked out to parents and teachers; every week- 
end they are all checked out. Because the computer 
in the library is used nonstop, access for many . 
students is a problem. At the parents' insistence, 
two introductory workshops were offered to par- 
ents. The school plans to use parent volunteers to 
teach computer literacy curriculum activities dur- 
ing alternate library periods. In this school, 
\ parents will become a major force as volunteers 
in the program. 

At the West Valley Elementary School one such 
parent, Cheryl Turner, became a catalyst and 
prime mover in establishing the school's computer 
literacy program. The program began with enthu- 
siastic teacher and student resporiise to Turner's 
demonstration of a computer she had made from 
a kit. With strong support from the principal, 
microcomputers were installed in the library media 
center and Turner was hired as an aide to teach 
computer literacy. Funding for the microcom- 
puters bame from the PTA» a grant from the 
INTEL Corp., and MGM funds. A parent, an Atari 
executive, arranged for a loan of an Atari to the 
school. All but two teachers wapt their students 
to participate in the program. Turner, who has 
**had a fascination with computers for 20 years," 
enjoys being a role model for the students and 
demonstrating, especially to the girls, **that it's 
okay to enjay electronics and nun around with a 
screwdriver jin ypur purse." 

Impacts 

The computer literacy program has energized 
. both teachers and their students. Individual par- 
ents have been tremendously supportive, although 
by and large Cupertino does not benefit directly 
from proximity to the corporate world and Silicon^ 
Valley industries. 

More than 65 percent of the district's teachers 
have received literacy training. Goodson sees the 
benefits especially for those in dead-end jobs. Neg- 
ative feelings have been turned around, and new 
life has been put into the educational process. 
Many are convinced that it is the opportunity to 
become a learner and "be in control" that is the 
irrestible appeal of the program. 

Many students "turned off" by school have also 
been motivated by the program. Many are those 
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whose interest and aptitude could not have been 
predicted. The problem now is getting them to go 
home from school. ' 

The program has problems, but they do not ap- 
pear serious. There are teachers who want to be 
involved in computing but who receive little sup* 
port, or no access to the computers in their 
buildings. The inequity between some of the ele- 
mentary schools continues to grow.. There is also 
recognition that the lab arrangements do not ac- 
commodate the needs of the science teacher who 
¥(ants a computer in class, npr the librarian who 
wants one in the library, hor the principal who 
wants one in the office. Additional fundg may be 
aUocated or alternate arrangements developed to 
serve these various needs. 

Finally, until recently, there has been no integra- 
tion of <;omputing programs in the junior high 
school with programs offered in the high school. 
Students are frustrated in cases where there 'are 
no courses or when courses are outdated and 
equipment is obsolete. 

Implications 

The district goal is that all schools will hiive com- 
puter laboratories by 1984. Training opportunities 
will be expanded, and new uses lot the computer 
in the classroom will be explored. Cupertino edu- 
cators hope that there will be articulation and coor- 
dination between the secondary school systems. 

Beyond the n^w courses and expanded efforts 
at the secondary level. Associate Superintendent 
Zachmeier 's ultimate goal is to give every young- 
ster a computer some time in elementary school 
because: 

There will be a need for new skills and new atti- 
tudes. It s our job to prepare students for the kind 
of world that will become not the world tha^ was. 
We will have kids who leave Cupertino . . / who will 
be fully computer-literate, discriminating buyers 
and users. And rather than being prisoners of tech- 
nology, they will be masters of it. 

•These fimt activities provided access to students in the 
Junior High School GATE program and were supported by 
State MGM (nwintally gifted minor) funds. 

•As more equipment is purchased, the district will shift hard- 
ware t<) have uniform equipment in the junior high labs, where 
programing is taught. 

Resources ■ 

Persons interviewed: 
Novaio Dnlfied School Dletrici* Novato, Calif. 

Helen Joseph. Computer Resource Teacher and Co- 
ordinator 



Ronald E. Franklin, Superintendent 

Richard Melendy, Principal 

Jack 0. Rothe, Director of Instruction 

Arthur Luehrmann, Former Director, Computer Project, 

Lawrence Hall of Science 
Joyce Hakansson, Former Education Program Co- 
* ordinator, Lawrence Hall of Science 
Cupertino Union School District, Cupertino, CaUf. 
William Zachmeier, Associate Superintendent 
Jerry Prizant, Coordinator of Media Services 
Bobby Goodson, Teacher, Hyde Junior High School, 

Computer Literacy Lab and Coordinator, Computer 

Programs 

Frank Clark, Principal, Kennedy Junior High. School 
Richard Pugh, Teacher, Computer Literacy Lab 
Ron LaMar, Principal, Hyde Jimior High School 
Harvey Bamett, Principal, West Valley Elementary 
School 

Cheryl Turner, Aide, West Valley Elementary School 

K. A. Fisk, Principal, Muir Elementary School 

Judy Chamberlin, Teacher, Gifted and Talented Pro- 
gram Wilson Center 

Computer-Using Educators - CUE Monthly 
Board Meeting, Palo Alto, CaUf., Jan. 22, 1982. 

Bobby Goodson, President, CUE, and computer 
resource specialist Cupertino Union School District 

Jose Gutierez, Vice President, CUE, ipnd faculty 
member, San Francisco State University 

Ann Lathrop, library coordinator, San Mateo County 
Board of Education 

Helen Joseph, resource teacher— math, science, and com- 
puters. Novate Unified School District 

William Sandy Wagner, computer coordinator, Santa 
Clara County 

Glenn Fisher, computer coordinator, Alameda County 
I^e Roy Finkel. computer coordinator, San Mateo Office 
of Education 

Karen Kent, director, Teachers Learning Cooperative, 

Marin County Office of Education . 
Don McKell. teacher, Independence High School, San 

Jose 

Brian Sakai, computer teacher, San Carlos High School 
Russ Bailey, computer district coordinator, San Mateo 

City Schools / 
Bob Enenstein. teacher, Carlmont High School, Behnont 
Steve King, computer teacher, Crittenden Middle 

School, Mountain View 
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Technology. Education and 
Training, Oxford Public 
Schools, Oxford, Mass. 

Introduction 

The technology training and education pro- 
grams of the Oxford Public Schools were selected 
for study because they provide an example of how 
a small, rural school district with limited local 
funding resources can offer up-to-date education 
and training opportunities to its students and 
adults in the community through partnerships 
with private industry and other rural school dis- 
tricts. This study also provides an example of the 
impact of Federal and State grants on the imple- 
mentation of new programs. Although each grant 
was relatively small, "to Oxford they looked like 
a Hope Diamond," according to the Superintend- 
ent. 

The Setting 

Originally a French Huguenot settlement, Ox- 
ford was founded more than 300 years ago in cen- 
tral Massachusetts, approximately 20 miles south 
of Worcester. Once the center of a thriving miU in- 
dustry, Oxford's economic base seriously declined 
as the mills closed. At present only one small mill 
operates; it employs five people. No new industries 
have been established. Oxford's population of 
11,460 is primarily blue-coUar. In 1480, Oxford's 
annual per capita income was $6,682. Of the adult 
working population living in Oxford and surround- 
ing siniilar conmiunities, 60 percent are semiskilled 
or unskilled workers and 11 percent hold profes- 
sional or managerial positions. 




A special program at the Oxford High School District 
Introduces students to the world of computer maintenance 
and electronics fabrication. This student credits her gradua- 
tion from Oxford High School to the engaging qualities of 
the curriculum, which, she said, kept her In school after she 
had become disenchanted with the regular academic program 

The Oxford Public Schools serve 2,460 students 
in grades K12 who attend three elementary, one 
middle, arid one high school. Almost all students 
are white; fewer than 1 percent are bUck, and few- 
er than 1 percent Hispanic. Of the high school 
graduates, 30 percent attend 4-year colleges, while 
another 30 percent go on to community college and 
vocational training institutes. 

In this rural community, according to its super- 
intendent, there is strong support for education 
with local taxes, although Proposition 2V\ now lim- 
its that revenue source. The 1981-82 budget of $4.2 
mlUion results in an expenditure of $1,945 per 
pupil. Many of the teachers are ^om the local or 
neighboring areas, and there are common bonds 
between the educators and the school board. Even 
with declining /e3ource8, administrators and 
teachers feel that there is support from the board 
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and community and that their efforts in behalf of 
the students are appreciated. 

Building New Partnerships to 
Link Education and Technology 
Training 

History^ Frandd Driscoll, superintendent of this 
small, rural school district with almost no local in- 
dustrial base, searched for ways to meet his stu- 
dents' diverse needs. Although the district waft 
small, it had students who could not function in 
regular classrooms because of emotional and learn- 
ing handicaps, whose abilities were seriously un- 
derchallenged, and whose interests weren't being 
met. The solution he developed, late in the 1970's, 
was to form a loose federation of similar districts 
near Oxford, to develop programs that they all 
needed. 

Driscoll reasoned that by regionalizing pro- 
grams and services through the federation and 
other similar cooperative efforts, he could create 
the equivalent of a smaU-sized city ipid the critical 
mass needed. By joining Oxford to Auburn, Lei- 
cester, Charlton, Dudley, Webster, and then 
Southbridge, the combined federation involved 
35,000 students, 1,200 teachers, and 62 members 
of local boards of educatio'h. 

The Oxford School Board and administration 
agreed that they would serve as fiscal agents for 
any cooperative projects. Proposals were devel- 
oped and funded. One Projoct-COFFEE (Cooper-^ 
ative Federation for Educational Experiences)— 
provided occupational training and education for 
students with special needs, and was funded by 
the Massachusetts State Department of Educa- 
tion in 1979. A second proposal for a regional 
teacher training consortium, the French River 
Teacher Center, was funded By^h»-W^, Depart- 
ment of Education from 1978 to 1981. Both proj- 
ects are housed in Oxford, with COFFEE in a port- 
able building next to the high school. The teacher 
center was built from surplus motel shells, moved 
to school land, and assembled and finished with 
professional contractors and stude|k.s from the 
vocational training programs. 

As district educators looked at the State's bur* 
geoning high-technology industries and the grow- 
ing relationship between education and training, 
it was clear to them that high technology was not 
just for elite students. Informal data gathered 
from Worcester and Boston area industries re- 
vealed that entry-level high-tech jobs were under- 
filled and that 80 percent of those jobs did not re- 
quire college training. It was also clear that part- 



nerships with private industry had to be devel- 
oped. , 

John Philippo, the program director of Project 
COFFEE, and Rob Richardson, the director of the 
French River Tehcher Center, became involved 
with the local industry councils and the State High 
Technology Conunission. Serving on committees 
and attending meetings, they made direct contacts 
with individuals from electronics and computer in- 
dustries located in the Worcester and Boston 
areas. 

Mike Odom, DEC Executive on loan to the 
Humphrey Occupational Center, notes that the 
Oxford educators were unu8ual—**they sought our 
advice, and they listened/' Similarly, the superin- 
tendent proposed to the school board that the dis- 
trict develop a working relationship between edu- 
cation and industry. The school board, remembers 
Chairman Schur. said, **Go ahead, you have our 
blessing.'' 

The district efforts focused on computer technol- 
ogy, an area that both the special needs training 
program and the teaghers were interested in. Even- 
tually, several paths led to one of Massachuiietts* 
largest computer corporations, Digital Equipment 
Co. (DEC). Early contacts were with salesperson- 
,nel and then, Mary Ann^urekx)f the Corporate 
Contribution Division, who put the district in 
touch with Del Lippert, Corporate Manager of 
Educational Services. 

Current Progi^oms 

Project COFFEE. COFFEE is an alternative oc- 
cupational education program for the special- 
needs, disadvantaged, and handicapped students 
of a six-conununity cooperative school federation. 
The program includes life-coping skills education, 
as ,well as an occupational educational experience 
in kn adult-like work environment. The high-tech- 
nology training components provide the student 
with job entry skil}s, job placement skills, coopera- 
^ tive job experiences, shadowing experiences (job 
observation), and a related work study pjrogram. 

In the electronic assembly component, students 
read and interpret schematic diagrams and me- 
chanical drawings and gain experiences in layout, 
manufacturing, and assembly of printed circuits 
and electronic components. Students test and in- 
spect electronic components, circuits, and assem- 
blies. They are trained for entry-level employment 
as: electromechanical assemblers, electronic main- 
tenance workers, drafting assistants (electronics), 
electronics utility workers, electronics inspectors, 
electronics mechanics, eleptronic testers, and elec- 
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tronics assemblers. Many of the assembly tools 
and testing devices and most of the hardware, 
components, and drcuitry used for hands-on in- 
struction was donated to the program as a result 
of individual, personal contacts with electronics 
companies. 

After a year of operation, the Project COFFEE 
director, John PhiUipo, and Superintendent Dris- 
coll planned a new component that would involve 
use of state-of'the-mrt computer hardware. Con-^ 
tacts with DEC were made, and the company con- 
tributed $22,800. In the data-processing compo- 
nent, started in September 1980, students use 
state-of-the-art computer hardware and software 
techniques in the computer center and an auto- 
mated office. The instructor assumes the role of 
data-processing manager, and students learn by 
hands-on experience in hardware operation and 
maintenance, computer awareness, and u^e of 
BASIC. They are trained for entry-level employ- 
ment -AS junior programers, console operators, 
computer service technicians, data typists, printer 
operators, control clerks, and computer aides. 

Project COFFEE wa3 funded through a state- 
wide competitive grant process utilizing Federal 
occupational education and special education 
moneys authorized under Public Laws 94-482 and 
94 142, a total of $557, 402 for September 1, 1979, 
through June 30. 1982. In cost breakdowns by pro- 
gram areas, a total of $167,050 was expended for 
the two technology components for more than 100 
students over the 3 years. The students in these 
high-technology components use facilities in the 
Oxford district, whil0 students in the distributive 
education component run and operate The Grand 
Illusion Printing Co. in Auburn, and students in 
the buildings and grounds component work in 
Webster. The program is continuing tenuously on 
local support, but long-term commitments have 
not yet been obtained. 

Project KING-By Tech. In the fall of 1980, the. 
Governor of Massachusetts created the Bay State 
Skills Commission id fund projects that would ad- 
dress the needs of the State's computer industries 
for trained workers. Superintendent Driscoll 
formed a planning group that involved local educa- 
tors and representatives from industry, colleges, 
the French River Teacher Center, the Worcester 
Chamber of Commerce's Career Education Consor- 
tium, and the Central Region Private Industry 
Council. The key'to funding was the stipulation 
that 50 percent of financial support come from pri- 
vate industry and that the other 50 percent be 
available from the Skills Commission. 
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Late in the fall, Driscoll initiated direct contact 
with Del Lippert, Corporate Manager of Educa- 
tional Training and Services at DEC's headquar- 
ters in Bedford. Recounts Lipperti/'DriscoU had 
an idea apd the Governor had a half million in dis- 
cretionary funds." It was, according to many in 
Oxford, **a meeting of kindred spirits— both want 
to make things better for education/' 

Project KING-By Tech (Key Industrial Needs 
Gapped by Technology) was funded in January 
1981 to provide underemployed and unemptoye(| 
adults training opportunities in word processing, 
office automation, electronic assembly, program- 
ing, and program application. A total of 110 stu- 
dents were served with $46,01 5 from the Bay State 
Skill 8 Commission, $43,015 from DEC, and $3,000 
from Quinsigamond Community College for in- 
structors. As a result, the district's inventory of 
computer center hardware was increased, two 
teachers received training from DEC, and the 
working relationship with DEC was well estab- 
lished, dec's Lippert explained that his company 
was interested in workin^^with schools * 'who want 
to work with us, want to make something hap- 
pen." In the case of Oxford, there was a sense that 
the social and manpower views of the district tied 
into those of the company. Fiirthermore, Lippert 
felt that Driscoll conveyed a conmiitment and en- 
thusiasm that was unique. 

French River Teachers Center. Through the 
French River Teacher Center, 30 guidance coimse- 
lors from Central Massachusetts high schools are 
learning about high-technology career opportuni- 
ties (Project CHANCE). Sixteen sessions (begun 
in January 1982) included field trips to computer 
companies tmd companies that use high-tech tools, 
as well as discussion forums with representatives 
from nearby industries. Audiovisual, self-instruc- 
tional materials on technology career donated by 
DEC will also be used. This project grew out of 
activities with the high-technology industry repre- 
sentatives from Unitrode in Lexington, Prime 
Computer in Natick, and Micro Networks in Wor- 
cester. 

The Teacher Center, federally funded through 
September 1981, has continued to operate with a 
director and a part-time secretary. Its continued 
existence depends on the director's ability to brok- 
er new relationships, such as the coimselor's proj- 
ect and other activities with the district's technol- 
ogy and training-related progryuns. Fof example, 
in February 1981, again through occupational edu- 
cation moneys, the Teacher Center provided train- 
ing for 30 surplus teachers and other imemployed 
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adults in computer programing (COBOL), word 
processing, and electronic test technology and 
assembly. The $54,080 project received $39,742 
from th6 State, $8,640 from DEC, and $5,698 in 
contributions from the district. Several teachers 
' trained in the program were able to find new jobs 
in the industry. 

A mobile compiler bus with $100,000 worth of 
equipment was loaded to the French Rivfer Teacher 

* Center for use by area teachers and students in 
the spring of 1982. The bus was equipped with a 

^ POP 1 1-34 A computer and two video terminals, 
one magnetic tape card reader, two hard-copy ter- 
minals, and several self-paced instructional sta- 
tions. Owned by DEC, the bus had previously been 
operated by the Commonwealth Center in Cam- 
bridge. 

The Teapher Center will share use of the bus 
with the Humphrey Occupational Resource Center 
in Boston. Present plans are to find minimal fund- 
ing so that a technician can take the bus from 
school to school, giving youngsters the opportuni- 
ty to have handsH)n experience. The loan of the bus 
. was first discussed during a 1-day teacher center 
seminar on computer technology held December 
8, 1980, and attended by representatives of. 11 
school districts, 3 colleges, and private industry. 
A loose * 'consortium of computer teachers" was 
formed and has met several times. 

The center has arranged for teacher workshops 
and courses on computers and microcomputers, 
collaborating with the Commonwealth Inservice 
Institute (funded by an IVC grant through the 
Massachusetts State Department of Education). 
Area teachers have learned BASIC programing 
languages, explored a variety of software applica- 
tions, and examined computer applications and im- 
^pacts. The center also organized a technology con- 
Terence with the New England Teachers* Center 
Cluster, held this May in Worcester. Director Rob 
Richardson's contacts with DEC and other high- 
tech industries will enable him to schedule field 
trips, speakers, and presentations. 

Itnpacts 

Impacts on the School System. As far as princi- 
pal Roger Bacon is concerned, the benefits out- 
weigh the problems. The district has equipment 
worth a half million dollars that could not have 
been obtained any other way (see table A-l). Fur- 
thermore this state-of'the-art hardware is sup- 
ported by DEC training and software. The two Ox- 
ford teachers trained at DEC have acquired th^ 




most current information and skills, and they im- 
mediately draw on these skills in working with 
their students. The collaborative partnership with 
industry goes far beyond the benefits received 
thus far. It is clear to Oxford's superintendent and 
his technology teachers that this working relation- 
ship is critical in enabling the district to keep up 
with the rapid changes in high technology. 

Furthermore, DEC's expertise is recognized and 
relied on as program additions or revisions are con- 
sidered. Other nearby companies directly con- 
cerned with the high-technology training pro- 
grams are also continually contacted and utilized 
as resources. These close ties to industry, argue 
Oxford educators, make their programs more ef- 
fective and unique. >^ 

Impacts on Teachers. Through the French River 
Teacher Center, Oxford teachers and thos6 of the 
' surrounding districts have participated in work- 
shops, forums, courses, and visits to iiigh-tech 
companies. Although no formal assessment of 
these efforts has been made, teachers indicate that^ 
they are better informed, more comfortable with 
technology, and would like to have more oppor- 
tunities for training. 

Impacts on Students. The Federal pd State 
funded programs have reached numerous stu- 
dents. Project COFFEE students recognize that 
they now have skills, and they feel good about 
themselves and their program: 

. . . Tm (m electronic assembler, I have a trade. 
.... I can build you a stere9; before, I only knew how 
to pusht>the buttons. . . . There are regular kids 
(taking the electronics assembly course) . . . and 
they need our help. They cap't do the things we can. 
. . . If the program wasn't here, I'd bo out of school 
. , . we have teachers who understaiid us. 
In assessments of student progress in entry-level 
high-technology training skills, based on a series 
of competency tests developed by the project staff 
and 16 industry /business representatives, 82 per- 
cent passed electronic assembly and 77 percent 
passed computer technology. The success of these 
special students is related to many factors. Tech- 
' nology skills, special counseling, and basic educa- 
tional programs have all played a part. For the 
high school principal, the important result is that 
these students are turned hround: "When these 
seniors graduate this spring and I get to shake 
their hands ... I feel that this is what education 
is all about." 

In addition to the COFFEE students, other stu- 
dents from Oxford High School have also made 
significant gains in computer programing courses 
and in independent study projects under the direc- 
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1 POP 11/34 central processing unll 


$41,500.00 










1 16-Iina multiplexor ^ 


4,100 00 ' 










2 LA 34 dacwrlters 


2.900.00 










1 2S5 LPM printer 


7.800.00 


(23,530 00 


$39.09700 


-0- 


$62,627 00 


1 VT 100 video terminal 


2.050.00 










3 modem cables 


177.00 










1 200 CPM card reader 


4.10000 










Systems management traming 


2,10000 
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-0- 




2.100.00 
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9.150 00 
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6.150 00 
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9.150.00 
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16.786 00 


4 vri 100 video terminals 


8.200 00 




-0- 
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15.320 00 




-0- 
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-0 


$264,623 00 
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Lion ol the coixiputer center director, Al Jones. "In 
this kind of an en^onment, y6u don't have to 
push them, you just have to keep up with them . . . 
The interest, the tum-around, the growth, of these 
youngsters is incredible." 

As in many other districts, these computer whiz 
kids arc at the center early in the morning and late 
in the evening until Jones locks the door. Several 
students— presently three or four— will have the 
equivalent of 2 years of college-level confuting 
when they graduate ^gh school. Another 30 or 40 
will have 2 years of programing experienciv not 
just in BASIC/but also in Pascal andinAVATBOL 
(the University of Waterloo, Canada, educational 
version of COBOL). Students learn to operate all 
phases of the system, and their understanding and 
experiences are intentionally geared to the real 
world. 

Jones talks about one of his students, a junior, 
who has written 9 "wonderfully sophisticatec^pra- 
gram to chart and analyze students' chronobiologi* 
cal rhythms." Jones fiays this program '*is better 
thaA the $20,000 software package we bought for 
principals." Another sttident recently went to help 
a nearby school district that was having major 



problems with its DEC system. Vn 3 hours he had 
solved many of the problems. ' 

Only a few problems remain. One is that, on 
occasion, security of school records is a problem 
because both instruction and management Uxnc- 
tions are together. Also, there is a growing demand 
for courses and computer hccess, and demand may 
outpace resources. Finally, there are some who 
question the district's growing emphasis on tech- 
nology and programs for special students. They 
worry that other areas will be shortchanged. 

Impacta on the Can^nimity. According: tQ^acHoor. 
board memb^rs^ paretits and studfii|ts sav again 
and again, "What a differ^hce the t«^hnology pro- 
grams have made." Parents describe changes in 
their children and indicate that they are now inter- 
ested, know what they want to do with their lives, 
and have made complete turnarounds. What ap- 
pears to be most important to the community is 
that these students have goals and some have em- 
ployable skills., Itigh school principal. Bacon ex- 
plains: "They (parents and students) know that 
computers are the *in' thing in Massachusetts." 

By extending the technology programs to under- 
employed and unemployed adults and surplus 
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teachers, the schools have made maximum use of 
the computer center and have provided benefits 
to the commxinity. The absence of continuing 
financial support, however, may limit the 
long-term. 

When the community parents, school board 
members, teachers, and administrators are asked 
why it has been possible to bring technology train- 
ing and education to Oxford, they point to the fol- 
lowing: 

• an aggressive, energetic superintendent will- 
ing to chart unknown waters and take risks 
in starting programs without the security of 
long-term funding; 

• a vvnllingness by the school board and the ad- 
ministration to serve as ttfe fiscal agents for 
the projects: to write the proposals; to negoti- 
ate with State and Federal funding agencies; 
and to contact the private sector; 

• the commitment and ability to work together 
—administration, professional staff, school 
board, other districts, the private sector— to 
**get what we need for our students;" 

• the availability of Federal and State funds, 
without which none of the programs could 
have been initiated; 

• an ability to find resources when they aren't 
there: assembling a teacher center from sur-. 
plus concrete motel shells transported to the 
site; or scavenging cartons of printout paper 
used on only one side, which become perfect- 
ly appropriate for the student's output; or 
scrounging obsolete electronic equipment, 
which became the instructional cadavers in 
the assembly labs; 

• the use of professionally supervised students 
to reduce building assembly and finishing 
costs and, at the same time, meet the student 
need for on-the-job training; and 

• a belief that **every thing we do can lead to 
something else/' , 

u/v^ Finally, they single out the superintendent's lead- 
V ership and skill in unifying all of the participants, 
forging private sector partnerships on a personal 
one-to-one basis, convincing State officials from 
various departments to fund programs jointly, and 
utilizing public schools and community college fa- 
cilities to expand technical educational opportu- 
nities. 

Future 

How will programs that have been developed 
continue to be supported? ''Will the benefits and 



the progress made ... that we are so proud 
of . . . now be emasculated because of financial con- 
straints?" worries the school board chairman. 
With increasing costs, a reduced budget from 
Proposition 214, and fewer Federal dollars for edu- 
cation, school officials and the conmiimity are con- 
cerned. There is i?pme hope that the maintenance 
costs for these programs will be lower than the 
startup costs. Furthermore, it is hoped that the 
other districts will be able to find a way to pick 
up local costs. 

Finally, Oxford has submitted Project COFFEE 
for validation by the Joint Dissemination Review 
Board of the U.S. Department of Education so 
that the Project could be eligible for National Dif- 
fusion Network Fxmding. Superintendent DriscoU 
hasn't given up on the State Department of Edu- 
cation, either. 

Then there is further collaboration with the pri- 
vate sector. Educators argue that turning out 
trained, qualified people is the best selling point 
they have. The industry needs their graduates. 
When Project COFFEE students completed the 
wiring for the computer center, they proved they 
were capable of technically demanding work, and 
they saved the district $2,000. 

DriscoU's dream for his schools and for his com- 
munity goes even further. He wants to bring a 
major high-technology company manufacturing 
plant to Oxford. He feels this would strengthen 
the town's economic base and provide the long- 
term support the educational system needs. 
Others in the community support this idea and are 
hopeful that the district's technology training pro- 
grams will be a strong selling point. 

Resources 

Case study interviews: 
Francis G. Driscoll, Superintendent 
Roger Bacon, Principal, Oxford High School 
John Phillipo, Director, Project COFFEE 
Allen Jones, Director, Computer Center and Teacher 
Rob Richardson, Director, French River Teacher Center 
Pat Ferreira, former teacher, Oxford High School 
Elaine Birchard, student 
Gary Bigelow, student 
Paul Winiarski, student 
Kenny Gatze, student 
Walter Schur, Chairman, School Board 
Patricia Troy, School Board Member 
Del Lippert, Corporate Manager, Educational Services, 

Digital Equipment Co., Bedford, Mass. 
Michael Odom, Digital Equipment Co., Executive-on- 

Loan, Humphrey Occupational Center, Boston 
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Compn^ter Literacy Program: 
Lyons Township Secondary 
School District, LaGrang^* Ill- 
Lyons Township's computer program was se- 
lected for study because it exemplifies a system- 
wide application of computing that involves and 
affects the district's entire student population and 
more than 90 percent of the district's professional 
^> staff in all curricular areas. This site provides an 
example of how a major infusion of computer hard- 
ware facilitates its widespread use and within a 
school system access. Local funds support the pur- 
chase of hardware, training of teachers, and devel- 
opment of software. Furthermore, it shows the 
critical role played by the local superintendent in 
conceptualizing the program, initiating action, and 
supporting ongoing activities. 

The Setting 

Located in the southwest suburbs of Chicago, 
the two campuses of the Lyons Township High 
School's (LTHS)— in LaGrange and Western 
Springs^enroll a total of 4,000 students. The 
school population is drawn from six suburban 
areas that are primarily middle*class, bedroom 
comitiunities of Chicago. Approximately 90 per- 
cent of the students are white; 3 to 4 percent are 
black; 3 to 4 percent are Asian; and 4 percent are 
Hispanic. The majority, 75 to 80 percent, of LTHS 
graduates go on to college. 

The school district's financial base is stable. Lo- 
cal property tax revenues (which include a strong 
industrial base) account for 85 percent of the 
budget; the remaining funds come from the State. 
The current budget is $19 million; per pupil 
expenditure is $2,300. School buildings are well- 
maintained— offices, hallways, and classrooms are 
pleasant and clean. Facilities appear to be more 
than adequate. (The boardroom looked more like 
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that of a major corporation than of a school 
district.) 

There is general consensus among the education- 
al and lay conmiunities that the district has been 
well, but conservatively, managed to support a 
strong, traditional curriculum. Through prudent 
management over the past dozen or so years, sub- 
stantial sums have been placed in reserves— a 
unique situation, considering the strained eco- 
nomic condition of most of the Nation's schools. 

Declining enrollments, the major area of concern 
for the district, may eventually have a negative 
affect on the number of facilities used (one or two 
campuses), the variety of programs offered, and 
the size of the professional staff. However, the 
superintendent argues that these problems can be 
resolved, in part, by the district's effective use of 
technology. 

On the whole, the district's problems appear mi- 
nor in comparison with other districts' financial 
woes, population shifts, student unrest, and staff 
reductions. Administrative and teaching staff and 
board members acknowledge how fortunate the 
district is. For example, teachers' salaries are at 
the top of national pay scales, and a new 3-year 
contract is in place. The major focus of the^ 
students and faculty is education, where learning 
is viewed as a serious endeavor. 

Computer Applications in 
the District 

The district's use of computers goes back to the 
late 1960's, when its first mainframe computer was 
purchased for the district's management and busi- 
ness operations. As in other districts, instructional 
opportunities for students were limited to a few 
highly specialized courses in the business and 
math departments. Approximately 2 years ago, it 
became apparent that the district's computer was 
outdated and would need to be replaced. In addi- 
tion, there was a growing interest in expanding in- 
structional computing activities and a general feel- 
ing that computer literacy was important. The ini- 
tial approach, according to a member of the school 
board, was to expand the large computer system 
to acconmiodate both needs. 

At the same time, the board was interviewing 
prospective candidates for superintendent. John 
Bristol was the board's choice, in part because he 
already had experience with computers and in- 
structional applications and had started one of the 
earliest computer literacy programs in Minnesota. 
Bristol convinced the board ^at student uses of 
computers ought to be considered separately, and 
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that microcomputers provided a viable option to 
a mainframe computer with terminals. With 
strong support from the board, Bristol came to 
LaGrange ready to revise and expand the district s 
computer programs. 

Planning 

The superintendent's firstDbjective was to de- 
velop a plan. From the outset, all the curriculum 
areas were involved. Decisionmaking was not lim- 
ited to computer experts; building principals, 
department chairmen, and interested teachers 
were involved. A basic assimiption of the plan was 
to provide computer experiences for all students: 
**the use of the computer should not be reserved 
for the gifted and/or mathematically oriented stu- 
dent. The computet needs to and can be utilized 
by students of all ability levels, including thosp 
with limited learning capabilities." Three major 
applications were designated: 
Instruction 
Literacy 
Competency 
Speciality 

Instructional support 
T|jitorial work 
Diill and practice 
Problem solving 
Simulation 
Instructional games 
Instructional management 
Success prediction 
Monitoring student progress 
Vocational guidance 
College information 

Hcu:diwcu*e Selection 

Another component of the planning activities 
was the selection of hardware. Not surprisingly, 
the most important criterion was **to obtain the 
maximum number of microcomputers for the dol- 
lars available." Local maintenance and repair 
capability of the hardware vendor was also impor- 
tant. The planners agreed that highly sophis- 
ticated microcomputers with sound and color 
capabilities were not needed for this initial phase 
(computer literacy). However, networking capa- 
bility was considered highly desirable and, net- 
w^orking in the laborabory setting is envisioned. 

Hardware for the laboratories use a networked 
Radio Shack TRS-80, Model III Configuration: 
one 48K, twin-disk microcomputer, 26 16K, tape 
microcomputers, two networks, and one printer. 



Eight laboratories— four in each campus of the 
high school— are installed, with a total of 208 
terminals for student use. The cost breakdown 
over a 5-year period is shown in table A-2. The 
superintendent maintains that these costs are ' 
reasonable. 

In an interview with the Chicago Tribune,^ 
Superintendent Bristol justified the district's large 
purchase: 

Some schools are reluctant to buy (microcomput- 
ers). They say that tomorrow there wiU be a faster 
or cheaper model. But how many tomorrows do you 
wait for? What is the value to get our students to 
have computer literacy now? 

Computer Literacy for 
All Students 

With the installation of over 200 microcomput- 
ers in eight laboratory settings, students at Lyons 
Township High School interact with technology 
first-hand. During the school day, the laboratories 
are busy with students and their teachers in a vari- 
ety of subject areas. English students are refin- 
ing their understanding of paragraphing v^rith a 
tutorial program;, consumer education students 
develop budgets using the nim[iber-handling capa- 
bilities of the computer; jvmiors in social studies 
master the facts required by the statewide consti- 
tution test in a series of drill and practice exercises; 
biology students solve problems using the com- 
puter as a powerful tool for analysis; and special 
education students expand their world history vo- 
cabulary in a series of drills, with opportunity for 
extended practice with an infinitely patient 
teacher. 



^Chicago Tribune, Sunday, June 7, 1981. 



Table A-2.— Five- Year Braakdown of 
Computer Hardware Costs 



Each Total 

Hardwarm (Natworkad Radto-Shack TRS-BO, Model HI) 

1 48K, twin disk $1,946.10 $1,946.10 

26 16K. tape 779.22 20,259.72 

2 networks 389.22 778.44 

1 printer 904.80 904.80 

Total per classroom . $23,889.06 

Total for 8 classrooms x8- $191,112.48 

Cost extension 

5-year life 

400 students per year 

Cost per student for literacy per year 
(Total cost + 5 years + (4,000 students + 4.000) 
$191.112.48 + 5 + 8,000 - $4.78/studant/year 

SOURCE: Lyons Township S»condtry School District 
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These computer^related activities are part of the 
program aimed at schoolwide computer literacy. 
In increasing numbers, students use the terminals 
before and after school. According to Bristol: 
My computers are used all the time. It's the best* 
used activity I have. To think that we were nowhere 
last spring and (look at) where we are today, I would 
have to say we've made a significant step forward. 
A further step was taken in the spring of 1982, 
when all students completed a 5-hour "literacy 
package" that included lectures, films, group dis- 
cussions, and hands-on activities. The package: 
1) provided information about how computers 
work; 2) promoted keyboard familiarity; 3) pro- 
moted knowledge of BASIC language compo- 
. nents; 4) facilitated programing activities; and 
5) focused on future technology developments and 
their impacts on society. Current plans are to im- 
plement this package during second-period classes 
— 1 day a week for 5 weeks, on a staggered sched- 
ule—thereby reaching all students with minimal 
disruption of ongoing classes. 

The subject area applications and the special 
5-hour computer literacy package were based on 
curriculum objectives originally developed by the 
Minnesota Educational Computing Consortium 
and adapted by the Lyons Township teachers to 
fit local needs. 

Other Computer Applications 

Six different computer specialty courses are now 
offered through business education and math- 
ematics. These courses include data processing, 
programing languages (BASIC, COBOL, RPG), 
and systems analysis. Approximately 10 students 
complete the entire range of courses. However, 
within the last year, an extra section of the intro- 
ductory BASIC course was added to the north 
campus schedule, and two additional sections were 
added to the south campus schedule. According 
to one of the computer course teachers in business 
education, there is a "growing interest from one 
semester to the next . . . that is a result of the 
literacy program." 

Teacher Training and 
Staff Development 

The goal of computer literacy for all students 
and the objective of providing hands-on experience 
with computers in all subject areas made system- 
wide teacher training not only desirable but abso- 
lutely essential. Since the district could not count 
on hirii^ new staff, particularly as enrollments 
continued to decline, the superintendent's strategy 



was to reach out to all faculty members to build 
their awareness of the potential for computers in 
education, to cultivate their support for the pro- 
gram by involving them in the planning of work- 
shops and computer software curricula, and to de- 
velop their computer literacy through training 
workshops and other staff development activities. 

Costs for most inservice training activities (e.g.» 
substitutes, consultants, payment for additional 
working hours) were absorbed by the district's op- 
erating budget. A separate allocation for the sum- 
mer software development activities was approved 
by the school board. By relying primarily on local 
district resources and scheduling activities during 
school hours, the district reduced training costs. 
At the same time, this approach widened the base 
of support and ensured districtwide commitment 
to impleinentation of the computer applications. 

According to Esther Gahala, director of curricu- 
lum, there appeared to be a strong sense of learii- 
ing by doing; the staff response was largely posi- 
tive. Participation in the 8-hour fall workshops was 
voluntary, although some staff felt pressure from 
the administration. Gahala felt: ''the value of these 
(staff development activities) was in finding out 
what not to do with teachers and students as well 
as what to do. Each experience refined our judg- 
ment and helped us in planning the next phase.'' 
Even more important to Gahala— who points out * 
that she was unprepared to and, at first, totally 
overwhelmed by the thought of implementing 
computers in education— was the emergence of a 
cadre of 45 to 50 teachers who could advjse, evalu- 
ate, and be a strong support system for the rest 
of the faculty. 

i 

Software Development 

It is not clear whether software development 
was part of the superintendent's original plan. 
However, once the curriculum committee and ad- 
visory groups examined available software, there 
was a growing consensus that the dist^rict would 
need to develop its own. Proposals for computer 
applications were solicited and 47 proposals from 
16 departments were accepted. Among the propos- 
als were: 

• Reinforce the spelling of words English teach- 
ers believe all students should know. 

• Test the effects of alcohol on parts of the 
body, using statistical information, for a 
health course unit on alcohol abuse. 

• Determine the gross national product of a 
country after being given certain characteris- 
tics. 
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• Drill basic chord fingering for learning how to 
play the guitar. 

• Recognize grammatical errors in sentences for 
an English course. 

• Determine appropriate calorie intake based on 
individual physical characteristics, physical 
activity, and weight goals for a unit on nutri- 
tion in a home economics course. 

The superintendent wanted to involve teachers 
in the ongoing development process and, at the 
same time, use computer programers to write the 
software. To bridge the gap between the teacher- 
authors and the programer^, the superintendent 
selected teacher-consultants from the staff whp 
had both curriculum and programing expertise to 
function as supervisors. These supervisors played 
a pivotal role in software development by helping 
. teachers understand how their teaching ideas 
could be translated into interactive computer for- 
mats and by helping programers design routines 
that were educationally sound. 

Over the summer three software development 
teams (fig. A-1) produced more than 108 different 
program packets at a cost of $87,000. Originally, 
Bristol projected that 60 package^would be com- 
pleted at a maximum total cost of $90,000. By hir- 
ing three local college student computer science 
majors as programers, the district used local re- 
sources and paid them at a rate of $10 per hour. 
However, without the expertise of the three teach- 
er-supervisors (one of the three was described as 
a computer genius, able to solve problems and 
make the programs run for even the most novice 
user), the efi^iency of the programers might have 
been reduced. 

Impaets 

It may be too early to assess the impact of the 
recent computer-related activities in the Lyons 



Township Secondary School District. However, 
there is evidence to suggest that both students 
and teachers have benefited. 

Access to Computers 

Students in this district do have opportunities 
to use computers during their regularly scheduled 
class time and before and after school. Some stu- 
dents interviewed carry their own floppy disks 
with their books from class to class. Some of the 
disks contain games; others hold student pro- 
grams and ongoing projects. The district does not 
yet have data on the number of computer-related 
activities completed by students. However, it can 
be reasonably assumed that these students are in- 
teracting with the technology far more than stu- 
dents in other high schools where the number of 
terminals is far less. 

Teachers in the district also appear to have sig- 
nificantly more access to computers. Several 
teachers indicated that they regularly work with 
the computers on their own time. Some even take 
microcomputers home over the weekend. 

Interest and Motivation 

There is ample evidence to conclude that teach- 
ers and students alike have been stimulated by the 
programs. A student reflected: '*! was here this 
summer . . . and teachers were asking— are the 
computers here today? Each day (the teachers) 
were learning new things. It really got me geared 
up—excited about the computer course this fall." 
An unanticipated benefit has been the opportuni- 
ty for both students and their teachers to share 
learning experiences. 

Teachers comment repeatedly about the intrin- 
sic motivation of the computer. Some applications 
are more interesting and effective than others. The 
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degree of meaningful interaction is a key factor, 
according to Julie McGee, an English teacher. To 
maintain student interest, programs must be clev- 
erly and creatively designed, **we can't just put 
our lecture notes on the computer/' All indications 
suggest that int^^est and enthusiasm will contin- 
ue. However, cautions a student, not all students 
react the satne way: "too much review and testing, 
lar^ amQunts of text (sic too much writing, not 
enough graphics), mandatory classes may turn the 
kids off." For the teachers, "time, money, experi- 
ence, vision" and a willingness on the part of the 
administration to revise plans to fit needs will be 
(Critical. 

Curriculum and Instruction. So far, impacts on 
the curriculum have been^limited to computer lit- 
eracy activities. The strategy of building applica- 
tions into existing courses appears to be working. 
One problem, however, is the uneven development 
of software. Some subjects have many applica- 
tions (English, home economics) while others have 
only a few. Drill and practice formats predominate. 
Oqly a few simulations and tutorials exist. 

Instructional effectiveness of the computer 
packages and related activities has not been for- 
mally assessed. As students and their teachers use 
the materials, they indicate that most are work- 
ing. According to the director of curriculum, "we 
have the overwhelming feeling that what we are 
doing is worthwhile." However, there is a need to 
analyze the appropriateness and effectiveness of 
the materials, not only to improve them, but also 
to move ahead. 

Some questions remain: Are the students learn- 
ing skills and content more effectively? Will all 
second-period teachers adequately cover the com- 
puter literacy activities? Do the activities result 
in student comfort and skill with computers? Is 
the computer's potential being realized? How well 
do computer programing courses mesh with post- 
secondary academic programs and vocational 
training? There is some frustration over not being 
able to tackle all of these questions at once. 

Professional Orowth and 
Development 

Estimates vary on the extent to which Lyons 
Township High School teachers have become 
computer-Uterate. For many, the workshops in- 
troduced a welcomed new skill. For others, the 
groups were too large, the keyboard and com- 
puters were too alien, and the fear of failure was 
a barrier. Continued meetings and support ac- 



tivities have gotten and kept many teachers in- 
volved, but a few holdouts remain. 

On the whole there is ample evidence to suggest 
that the majority of the high school faculty has 
strongly supported the program. Direct involve- 
ment of teachers in l^lanning, training, and soft- 
ware development resulted in strong feelings of 
pride and ownership. The district's strong support 
of professional development appears to be paying 
off: 108 software packages are in use; new ideas 
are continually being developed; and many teach- 
ers are expanding computer knowledge and exper- 
tise-on their own time— taking courses, learning^ 
from more knowledgeable colleague8,-and teachin^*^ 
themselves. Opportunities for new role as teacher- 
programers are invigorating and rejuvenating this 
mature, highly experienced faculty. 

The Future 

In the immediate future, the superintendent and 
his staff expect to implement the computer 
literacy program fully. At summer's end, all 
students will have taken the 5-hour course, and the 
remaining software packages will have been com- 
pleted. 

The next steps will focus on developing a com- 
prehensive plan for computer competency and spe- 
cialization. Full integration of the computer for 
computer-assisted and computer-managed instruc- 
tion is expected within the next 5 years. The lat- 
ter will depend on continued local software devel- 
opment and the availability of commercial course- 
ware. In addition, with the major infusion of hard- 
ware, a corps of teacher experts, and an on-going 
program, the superintendent believes the district 
is ready for research and development. The oppor- 
tunities for working collaboratively with hardware 
vendors, software publishers, university research- 
ers, and other districts are beginning to be ex- 
plored. There are tentative plans to hold a software 
development conference involving educators and 
developers statewide, perhaps nationwide. Plans 
already exist to field test new hardware com- 
ponents for the Radio Shack computers. 

At the heart of future plans are the teachers and 
staff in the district. Bristol is convinced that the 
full potential for retraining^ for new roles, and for 
continued purposeful activity has barely been 
tapp>ed. It is Ukely that funds for continued staff 
development and for computer activities will be 
available as long as the school board, community, 
and educators support the various computer acti- 
vities. 
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Minnesota Schools and the 
Minnesota Educational 
Computing; Consortium 

The decision to visit selected Minnesota schools 
and focus on the activities and impact of the 
Minnesota Educational Computing Consortium 
(MECC) was based on evidence that Minnesota 
leads the Nation in computing activities in its 
educational system. This case study deals with a 
State education agency that provides a centralized 
system for computing and support services. With 
a computer inventory of approximately $44 mil- 
lion' and estimates that 1 to 1 Vi percent of armual 
school budgets wiU be used for hardware pur- 
chases, Minnesota classrooms are expected to 
have 10,000 instructional computing stations by 
1984. 
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The Setting 

Minnesota is the ''Land of 10,000 lakes,** and 
almost as many computers* Most of the State is 
rural. Fifty percent of the its population of 
3,804,971 is concentrated in the Twin Cities of 
Minneapolis and St. Paul. There are 437 school 
districts and a median district size of 722 students. 
Major industries are agriculture, mining, and 
computer-related technologies. 

Minnesota has provided strong support for pub- 
lic elementary, secondary, vocational, and higher 
education. Its education budget has one of the 
highest per capita education expenditures in the 
Midwest. This support has been matched with a 
commitment to innovation and educational im- 
provement. Over the last decade, the State has 
provided funding through the Council on Quality 
Education (CQE) and title IVC Federal moneys for 
research and development of instructional com- 
puting applications. Projects have focused on in- 
struction in all subjects, as well as piloted new 
ways to deliver instruction. Projects such as the 
Hopkins computer-assisted management system, 
the computer learning center in Littlefork, and the 
Robbinsdale computer software development, pro- 
vided working models of technology applications 
and a foundation for statewide activity. 

Many Minnesota school districts are sought out 
for their computer expertise. The plana of the Min- 
neapolis public schools demonstrate the extent of 
this expertise. Within the last year, the State's 
financial picture has changed, significantly. In 
struggling with an $850 million deficit, the 
legislature has begun cutting the $2 billion (2-year) 
education budget. The cuts, an estimated $120 mil- 
lion, are expected to take effect in 1982-83. Ed- 
ucators across the State are concerned that these 
reductions will affect teaching positions and 
programs. 

MECC: A State 
Computing Agency 

f*resently in its ninth year of operation, MECC 
operates the world s largest general-purpose, ed- 
ucational, time-sharing system. An estimated 96 
percent of Minnesota's students have access to 
this time-share system, which is available to its 
users from 7 a.m. to 11 p.m. daily. While time- 
sharing access has remained fairly constant, with 
a slight increase in off-hour use, the acquisition of 
microcomputers in the State has accelerated, 
resulting in a significant increase in computing ac- 
tivities available to students. 
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History 

In 1972, concern about computing and education 
led to discussions among the Governor, the chan- 
cellor of the community college system, the State 
commissioner of education, key State legislators, 
and private citizens. As a result, remembers John 
Haugo, former executive director of MECC, a task 
force was established by then Governor Wendell 
Anderson. Haugo was hired to head the planning 
effort, which resulted in a report that was essen- 
tially the plan for MECC. In retrospect, several 
factors were critical in initiating a major statewide 
educational computing effort that involved ele- 
mentary, secondary, and higher public education. 

First, the computer industries based in Min- 
nesota (dM, Univac, Honeywell, and Control Data 
Corp.), created interest in, and awareness of, com- 
puting. These corporations also provided many 
computer resource personnel. Second, instruc- 
tional computing was beginning to catch on, and 
educators were concerned that if they failed to 
take an active role, it would develop without theij^. 
input and direction; there was concern that non- 
educational agencies would take charge. Thirds 
there were examples of successful, cooperative, in- 
structional computing ventures principally among 
the Suburban Minneapolis schools, the Total In- 
structional Education Service (TIES) consortium, 
and evidence that technology could deliver instruc- 
tional services. With this was also a growing in- 
terest in cooperation and sharing of resources. 
Fourth, there was concern about the increased de- 
mand for computing services and the proliferation 
of hardware systemd in various educational in- 
stitutions. Fifth, there was recognition that educa- 
tional funding constraints would limit operations, 
while a consortium would not be so limited. How- 
ever, the most important factor, as far as the 
legislators were concerned, was equality of educa- 
tional opportunity. The legislature was sold on the 
notion that computing opportunities ought to be 
available in all parts of the State. 

The plan, therefore, was to provide access to the 
central computer through a telecommunications 
network. The State would subsidize the telecom- 
munications cost to provide equal opportunity to 
all systems, even those most distant from the cen- 
tral system. Funding for the system and specific 
services to users would be contracted annually. 
Each school district or agency determined what 
they needed. The budget requests were developed 
and sent to the legislature. 

Getting the time-share system to work was no 
easy task. In fact, there were many problems with 



hardware, telecommunications lines, and software 
systems. It took at least a year before the system 
was operating. 

MKCC Organization and 
Functions 

MECC was established in July 1973 to provide 
computer services to students, teachers, and 
educational administrators. Organized under the 
Minnesota Joint Powers Law, its member systems 
include: 

* State Department of Education (433 school 
districts); 

* Minnesota State University System (7 cam- 
puses); 

* University of Minnesota (5 campuses); 

* Minnesota Community College System (18 
campuses); and 

* State Department of Administration (statu- 
tory authority for State University and Com- 
munity College Systems). 

MECC is responsible for coordination and plan- 
ning-- maintainihg a long-range master plan for 
educational cbmputing and developing biennial 
plans, providing technical reviews of proposals for 
facilities and services, and reporting on what is 
being done with computers by all of public educa- 
tion. MECC is also responsible for services to 
members, and it is this role that is being expanded 
(by the revised Joint Powers Agreement, August 
1981), while the organization's policymaking role 
and its role in approving major computer acquisi- 
tions is being reduced. The latter activities will be 
determined by the State Board of Education with 
the Commissioner of Education. 

Instructional Services Division 

Operating the Time-Sharing System. The In- 
structional Services Division (ISD) runs the 
world's largest educational time-share system. It 
works reliably, and is "up" 99 percent of the time. 
Its Control Data Cyber 73 System, with 448 user 
ports, is currently accessed by more than 2,000 ter- 
minals located across the State in most public 
schools, all commiunity colleges and public univer- 
sities, and many of Minnesota's private schools. 
A multiplexing communications network with 23 
hubs provides access to the computer.' ISD is also 
responsible for the communications network— its 
installation, maintenance, and coordination with 
local telephone companies. 

'InatructionMl Micrxycomputing mnd TimeMhmring- A MlnncaoU P*r- 
tfpecUvG, MK(X! Instructional Services l^ng Hangn Planning Project, 
1981. p 39 
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An extensive library of programs supports a 
range of activities from drill and practice to 
mathematics problem generators, office manage- 
ment, and career guidance information. Thirteen 
different computing languages and programs are 
available to users. Software is continually main- 
tained and improved. 

Technical AesistMcc and Training. Through 
ISD, instructional computing coordinators are lo- 
cated throughout the State in each of the regions. 
These regional coordinators work with teachers 
who in turn serve as local coordinators for the 
school district or education agency. According to 
Will Jokela, MECC Instructional Coordinator for 
Central Minnesota, these local coordinates are cru- 
cial to the program. 'They make things happen 
and are part of the whole planning and implemen- 
tation process.'* 

For example, when Jokela conducts workshops 
across his region, he often uses local coordinators 
as resources. Jokela also holds sessions to demon- 
strate new programs for local coordinators, and 
these are often times when they share programs 
developed locally and duplicate MECC microcom- 
puter programs. He keeps up with computing ac- 
tivities through the electronic mail system (also 
part of time share) and through visits to local 
schools and colleges. The regional coordinators 
help in disseminating information in the newslet- 
ters, through conferences, and through the elec- 
tronic mail system. 

At the same time, Jokela and others in his rple 
became the link in continuing advances and 
changes. Soon after the MECC inexpensive com- 
puter contract was awarded, Jokela was "trying 
out the Atari * and getting ready to demonstrate 
its use to interested educators. He also delivered 
and installed the Apples purchased through 
MECC, and literally carted Apples across central 
Minnesota. Of his 73 public school districts in 
Region III, all have Apples and 62 used the time- 
share system in 1981-82. 

Since the first purchase of Apple microcompu- 
ters in 1977, increasing amounts of the coor- 
dinators' time have gone into supporting micro- 
computers. Marcia Horn, an instructional coor- 
dinator in the Twin Cities area, points out that as 
soon as a workshop is announced, it is filled. Horn 
is impressed with the eagerness to learn and the 
excitement of those who attend her MECC intro- 
ductory courses. In the sessions, technology is 
manipulated, not just talked about. That par- 



ticipants recognize the need for hands-on ex- 
periences is indicated, in part, by their willingness 
to bring all the equipment to class. Microcom- 
puters and diskettes replace books, paper, and pen- 
cils, as learning tools. Principals, teachers, and 
librarians learn about and learn with the tech- 
nology, in much the same way as do their students. 

Developing Instructional Computing Software 
and Support Materials; Dissemination and Distri- 
bution. Software that has been designed and 
developed includes operating system manuals, 
computer literacy courses, and a range of sup- 
plementary instructional materials and manage- 
ment aids. Development is directly linked to the 
users (through the creation of software at the local 
level), to field testing and revision, and to im- 
plementation. Networking, originally begun 
through the time-sharing system, has been ex- 
tended through the State instructional computing 
conference, regional meetings, the newsletters, and 
the other U9er activities. 

What is clear is the value of sharing ideas, of pro- 
viding a vehicle for development, and of dissemi- 
nating this new information to users. Individual 
teachers, school districts, and regional organiza- 
tions contribute software. MECC staff work with 
the developers to obtain rights to the material, 
then they document and standardize it so that 
other schools can use it. All software and support 
materials are available to Minnesota users (for 
copying) free or at nominal cost. 

In October 1980, institutional memberships 
were offered to nonprofit educational institutions 
outside of Minnesota. Presently, there are 51 mem- 
bers in 23 States, Canada, Australia, England, 
Kenya, Saudi Arabia, Scotland, and Switzerland. 
In addition, software reproduction and distribu- 
tion rights are arranged with commercial vendors 
under a royalty agreement. The income from these 
agreements and sales goes directly back into soft- 
ware development. 

Manag^ement Information 
Services Division 

Management Information Services supports a 
range of administrative management functions. 
Every school district in the State is required to use 
the finance reporting system developed by MECC. 
This division has also developed a student support 
system that handles student data, attendance, 
scheduling, reporting, and history. The person- 
nel/payroll system is used by half of the districts 
in the State. 
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Special Projects Division 

The Special Projects Division carries out re- 
search projects, developments of new applications, 
and evaluation. With funding from the National 
Science Foundation (NSF), computer literacy cur- 
riculum modules and support materials are being 
developed. An interactive video disk/microcom- 
puter course in economics is under way with sup* 
port from private foundations. 

Impacts 

Providing Access to Computing: Instructional 
Time Sharing and Microcomputiiig. Not only ac- 
cess but equal access has been Minnesota's goal 
for all students. From the very start, it was rec- 
ognized that there was a need to achieve economy 
of scale in computer hardware acquisition, to 
create a cost-effective communications network to 
minimize the systems design and development 



costs, to share expertise and applications, to have 
uniformity and compatibility of data (administra- 
tion), and to train educators. 

The use of the time-sharing system has been fair- 
ly consistent in time of the number of ports pur- 
chased by users and the increase of log-ins and con- 
nect time, which increased by approximately one- 
third during 1978-81 (see fig. A-2). Of the elemen- 
tary, secondary, and vocational school districts, 
76 percent used the time-sharing system, a slight 
reduction in use. At the same time, however, mi- 
crocomputer U9e rose from 57 percent the year 
J[>efore to 86 percent of all districts. 
1 The major use of the time-share system is for 
programing— up to 45 percent— with students 
from all over the State having access to almost a 
dozen different programing languages. The impact 
of these opportunities is not readily assessed 
through numbers, but clearly many of these stu- 
dent users have become outstanding programers. 
Winners of the MECC annual student software 



Figure A 2. — MECC Timesharing System Port Distribution by User System, 1975-61 
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competition develop creative and impressive prod- 
ucts. **Many of the future technology leaders will 
come from Minnesota," notes Brumbaugh, ** hav- 
ing had 8 to 10 years of computing opportumties 
in the public schools as well as training at the 
University of Minnesota's world-renowned com- 
puter sciences programs." Minnesota benefits 
directly, since many of these high school and col- 
lege students are hired as part-time programers 
at MECC and many ^nter Minnesota-based indus- 
tries. ^ 

The impact on incfbased access by MECC's 
early entry into microcomputing with the award 
of the State contract to the Apple Computer Co. 
is clear. The decision to standardize hardware to 
one system was based oil ihe belief that standard- 
ization w^ necessary in ofder to be able to supn 
port that system with software and training, there- 
by indirectly affecting access. (By early 1982, total 
Apple sales reached 2,863.) Most of the purchasers 
of these microcomputers are elementary, second- 
ary, and vocational schools. 

In 1981, MECC developed a second set of speci- 
fications for a low-cost microcomputer. The State 
contract was awarded to Atari, which agreed to 
pay MECC to convert at least 75 of existing 
MECC/ Apple programs. In the first 3 months of 
the Atari contract, 230 microcomputers had been 
purchased. 

A major reason that districts are purchasing mi- 
crocomputers is to provide greater access. The 
high school in Maple Lake, a small rural district, 
has three Apples, one TRS-80, and one time-shar- 
ing port. Before the microcomputers, the 500 stu- 
dents had limited computing experience through 
time sharing. Even though four microcomputers 
aren't enough, they make a big difference to Mary 
James, a teacher and the district's computer coor- 
dinator. James is adamant about reaching every 
Maple Lake youngster: 

By the time they are 35 they all will have 
computers— many for their farm businesses - 
others in technical work (if they leave Maple 
Lake) — and for recreation ... if most families 
have three snowmobiles sitting in their drive- 
ways now. they'll soon have computers, too. 
It's not just the hardware that makes a differ- 
ence, it's the support James gets from the range 
of MECC services In this rural district, with an 
operating budget of $2.5 million for 1,320 stu- 
dents, the opportunity to use computers for in- 
struction and to provide computer literacy courses 
and independent study, is due in large measure to 
MECC and to local administrative and school 
board support. James says: 
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If MECC drops the time share we'd feel it . . . 
the larger city districts will continue. If I lose 
the port, I can stand it. If I lose the support 
of MECC, the whole program goes. 

Developing Software and Making It Available 

to Users. Software and support materials have 
been steadily developed and revised to support the 
time-share system, the Apple microcomputer, and 
the Atari microcomputer. On the time-share sys- 
tem there is a library of more than 950 programs 
used at all levels. More than 200 microcomputer 
programs have been developed, and the number 
of new programs continues to expand at a rate of 
8 to 10 new programs each month. 

Although software development has been fo- 
cused on Minnesota users, in the case of materials 
for the Apple (and now the Atari), two-thirds of 
the software distribution (primarily for the micro- 
computer) is outside the State. Single-item sales, 
institutional licensing agreements, and distribu- 
tion arrangements with commercial vendors have 
increased significcmtly over the last 2 years. 
MECC officials point out that all of the income 
from software sales goes back into development. 
The current budget for development has tripled, 
with only 5 percent of the funding for software 
development coming from Minnesota. According 
to Brumbaugh: 

The amount of resources invested in instruc- 
tional computing material development con- 
tinues to grow, without any reduction in sight 
... It's estimated that 250,000 copies of MECC 
diskettes have been distributed or aold to com- 
puter users throughout the world. Software 
sales this year are expected to reach one million 
dollars. 

Software development has been effective be- 
cause it has been tied to what teachers want. Ac- 
tually begun by teachers sharing ideas through the 
time-share system, it has continued to build on 
teacher ideas. Much of the software has primarily 
been cleaned-up, field-tested, documented, and 
made available to users by MECC. Another reason 
for success, many argue, was the decision to de- 
velop software for one microcomputer system. 
This decision provided an opportunity to refine 
authoring prociedures. understand the capabilities 
of the machine, and develop more programs (e.g., 
instead of three programs for three machines, nine 
programs for one machine). After the award of the 
second computer contract, it was not difficult to 
convert many Apple programs for the Atari. The 
need and demand for microcomputer courseware 
in Minnesota continues, however. In MECC's 1981 
Computing Opinion Survey, '^Schools want mate- 



rials in all subject areas — with the highest 
priorities given to computer science, business 
education, mathematics, science, and speeicd 
education," with less need for drill and practice 
and games and more need for problem solving, 
tutorial, and simulations.* 

I^al districLs will continue to develop their own 
software and will also continue to purchase com- 
mercial software. For the latter, it may be desir- 
able to provide help to schools by developing state- 
wide purchase contracts for software, as has been 
done for hardware. Finally, as the market for soft- 
ware enlarges, there will be an increase in develop- 
ment in the private sector, argues Haugo, now 
president of a software development company. 

Impacts of Information 
Technoloffy 

Professional Development and Training. lYofes* 
sional development and training is cited frequently 
as a major area of need that must be addressed 
if education is to take advantage of computer tech- 
nology. Over a 6-year period (1974-80), MK('C has 
provided significant development and training ac- 
tivities: 3.572 visitations by MPXC staff to 
districts and campuses; 1,639 informal presenta- 
tions; 1,756 workshops with a total attendance of 
26,340; and 623 meetings for local computer coor- 
dinators. As impressive as these figures are, 
MPXC officials point out that the demand for 
training exceeds capacity. Brumbaugh notes: "For 
every request for service that we fill, we turn one 
down." Although many local districts provide ad- 
ditional training activities-^ the educational serv- 
ice unit or area vocational technical institutes and 
colleges and universities are offering an increas- 
ing number of courses the needs for training are 
not fully met. 

Furthermore, as State funding resources dimin- 
ish, continuing to provide the current level of serv 
ices will iMHTome a problem. According to Brum- 
baugh, there has to be a way to deal with teacher 
turn-over (trends show that the more highly tech- 
nologically trained teachers leave), with new 
teachers as they enter the system, and with main- 
taining training for those who want to stay abreast 
of technological advances. When asked who should 
do inservice training for instructional computing, 
teachers and administrators ranked MKCX' staff 
as the most desirable followed by local staff, then 
regional service centers, and finally colleges and 
universities. Data suggests that local staff will be 
able to assume most introductory demonstrations, 

Mttfil MKCC Computor Opinion Survey I'firr Opinion on Training 
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but more advanced topics and courseware author- 
izing and design will require MECC staff. 

Cloee Ties With Local Districts, Using Local Ex- 
pertise. The superintendent of the Alexandria Pub- 
lic Schools, Clayton Hovda, attributes his dis- 
trict's early involvement with computers to the op- 
portunity to be part of the statewide time-share 
system, as well as to the fact that MECC from the 
very start had key people "who came through the 
educationcd process, who knew how schools 
worked because they were school-based." There 
was and continues to be a symbiotic relationship 
between the schools and MECC. 

For example, the Alexandria schools shared 
computing and time-sharing facilities with tl^^ 
Area Vocational Technical Institute (AVTI). That 
experience, along with other examples (TIES), pro- 
vided a model for extending the time-share con- 
cept across the State. A further example of this 
symbiotic relationship can be seen in the role of 
the local computer coordinators. According to Bill 
P'rench of Alexandria, this role is strongly sup- 
ported by MECC; the fact that most districts have 
a computer coordinator can bo credited to MPXC's 
efforts. 

Providing Leadership. There is no question 
about MECC's leadership in providing hardware 
standardization, software development, and train- 
ing. However, several school districts and regional 
agencies are leaders as well; and districts such as 
Hopkins and Robbinsdale have received national 
recognition for their computing activities. It is ap- 
parent that MECC walks a fine line: local auton- 
omy of programs is highly valued, yet service and 
osflisOince are welcomed. The revised Joint Powers 
Agreement puts MECC squarely in a service role. 
It is also agreed that there is a need for leadership 
and coordination to maintain and advance comput- 
ing applications; in this regard MPXC, as the 
State's computer agency,^ plays a key role. 

School districts outside the State, and even 
other nations concerned with educational com- 
puting, have turned to MECC for advice, technical 
assistance, amd resources. For example, the first 
computer contract specifications developed by 
MPXC became the model for the bids developed 
by the Ilegion IV Education Services Center in 
Texas and for those prepared by school districts 
and several States including Florida, North 
Carolina, and British (Columbia. A recent article 
which surveyed all statewide computing activities 
ranked Minnesota as the clear leader.* "No other 
State education agency comes close to achieving 

* HuJ-viry of StaU) (iovrrnmcnU and thn Now Tochnologtdn. f^hc 
tronir Ijcmrntnfi. Novrmbftr/DorcmlMrr lOftl 
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the level of commitment and organization achieved 
by MECC. But many State officials are now realiz- 
ing that it may be their responsibility to move in 
that direction/' 

The Future 

With reductions of the State subsidy for tele- 
communications, increased local costs pose a real 
barrier to time sharing, especially to the smaller, 
niral districts further away from the Twin Cities. 
Although much of the instructional activities can 
and will be shifted to the microcomputers, a real 
loss may well be the availability of advanced pro- 
graming languages and the communications activ- 
ities and the electronic mail system which tied so 
many of the districts to one another. Richard 
Pollack, Director of Special Projects, describes the 
time-share system as *'the glue that brought it all 
together/' . ! . 

A spate of news stories have highlighted Min- 
nesota's financial difficulties. **What the rest of 
the Nation's schools have been facing has finally 
caught up with us,'' one of the educators re- 
marked. Many districts hciVe begun to tighten 
their belts by laying off teachers and increasing 
pupil-teacher ratios. However, many districts, Uke 
Alexandria, plan to go ahead with plans for their 
computer programs. BiU French, teacher and com- 
puting coordinator comments: **I can see us buy- 
ing 4 to 6 Atari's for each elementary school . . . 
What's $500 when we pay $2,000 for a typewriter 
or an Apple?" The additional costs for training and 
software are, in a sense, covered through the serv- 
ices provided by MECC. Although MECC has al- 
ready had budget cuts and expects more in the 
future, increasing revenues from software sales 
wiU lessen the impact. 

Superintendent Arthur Bruning, of the Hopkins 
School District, a Twin Cities suburb, also expects 
to expand his program using the low-cost com- 
puters. He sees teclmology bridging home and 
school, with the computers going home for ex- 
tended activities. In this district, with an $18 
million annual budget, he argues, ''We .will need 
to set aside resources for technology— for there is 
going to be a change (in the way we educate youn^ 
sters) and the pupiUteacher ratio will increase be- 
cause of economics." 

. Brumbaugh is optimistic. He sees opportunities 
for expansion of software and new technological 
advances that will make a difference in instruc- 
tional computing. On^ example of these advances 
is an interface that allows microcomputers to be 
networked or clustered together. Once clustered. 



software B^isdntenatiCe is reduced, recordkeeping 
and m^agement functions are sii|plified, and cen- 
tralized printing is feasible. MECC is designing its 
own int^aces and networks. By fall of 1982, these 
networks will be field-tested in selected Minnesota 
schools. In addition, MECC's long-range planners 
estimate that the number of instructional comput- 
ing stations in classrooms in Minnesota's school 
colleges, and universities will reach 10,000 b) 
1984. 

Minnesota computer educators also confident- 
ly predict continuing developments in instruc- 
tional computing, pointing to present programs—- 
the Result of more than 8 years of experience. The 
MECC software and materials, training activities, 
and the range of successful applications in com- 
puting, were possible because funding was sus- 
tained over a long enough period of time and over 
a critical mass of edii,cational institlitip^^ndfe. 
users. MECC's accomplishments, the j^mp^ffln^ 
activity in Minnesota schools, and tlip significant 
number of students with access to these programs 
is the result of the State's vision and its long-term 
commitment. 

Resources 

Case study interviews: 
Minnesota Educational Computing Consortium, St. 
Paul, Minn. 

Pale L. Schneiderhan, Acting Executive Director 
Kenneth E. Brumbaugh, Director, Instructional Serv- 
ices, and Deputy Executive Director 
Douglas P. LaChance, Acting Dirctor, Management In- 
formation Services / 
Richard Pollak, Director, Sp^ial Projects 
Marge Kosel, Manager, Instructional Systems Devel- 
opment 

Marcia Horn, Instructional Coordinator 
Kasey Mork, Instructional Coordinator 
Willis Jokela, Instructional Coordinator 

Minneapolis Public Schoob, Minneapolis, Minn. 
Paul Dillenberger, Math Resource Teacher 

Hopkins Public Schoob, Hopkins, Minn. 
Arthur Bruning, Superintendait 
Ken Corens, Computing Coordinator 
Don Sension, Computer Center 

Maple Lake Public Schoob, Maple Lake, Minn. 
Mary James, Teacher, Maple Lake High School, and 

Computing Coordinator 

Eagle Bend Public Schoob, Eagle Bend, Minn. 
Wilbur James, Superintendent 
Richard Lundgren, Communicasting Project Director 

Alexandria Public SchooW, Alexandria, Minn. 
Bill French, High School Teacher and Computing 

Coordinator 
Clayton Hovda, Superintendent 
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John Haugo, former Executive Director, MECC 
1973-1981, presently President, Edu Systems, Inc., 
St. Paul, Minn. 
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Ahl, David H., ''Minnesota Educational Computing Con- 
sortium,*' Creative Computing, March 1981. 
Calkins, Andrew, "A Survey on State Governments and 
the New Technologies," Electronic Learning, 
November/December 1981. 
''Computers in the Schools," atnessage from the Com- 
missioner of Education (undated— estimated date fall 
1980). 

Cost-Effective Educational Innovations in Minnesota: 
A Report of Projects, Minnesota Council on Quality 
Education, Division of Special Services, Minnesota 
Department of Education, St. Paul, Minn. 
Data Newsletter, Minnesota Educational Computing 

Consortium, January/February 198L 
Instructional Microcomputing and Timesharing: A Min- 
nesota Perspective. The report of the MECC Instruc- 
tional Services Long Range Planning Project, Min* 
nesota Educational Computing Consortium, St. Paul, 
Minn., June 1, 1981. 

1979- 1980 Annual Report, Minnesota Educational Com- 
puting Consortium, June 30, 1980. 

1980- 81 Annual Report, Minnesota Educational Com- 
puting Consortium, Juiie 30, 1981. 

PACE: Projects toAdvancaCreativityin Education, 6th 
ed, ESE A title IV, pt, C in Minnesota, Minnesota De- 
partment of Education, St. Paul, Minn. 
"The Minnesota Connection,*^ an interview with John 
Haugo, Classroom Computer News, fall 1980. 

Instructional Computing 
Houston Independent School 
District, Houston, Tex. 

The Houston Independent School District 
(HISD) was selected for study because it is a rec- 
y : ognized leader in urban education, in developing 
innovative programs such as magnet schools and 
in implementing cooperative efforts with industry 
and the business community. It has successfully 
halted declining pupil achievement, a major prob- 
lem for urban school districts. The district also 
provides examples of how technology can be used 
to support and deliver basic skill instruction, to 
conmiunicate with parents, to assist teachers, and 
to become the basis for technological understand- 
ing and computer literacy. 

Moreover, it provides an example of districtwide 
leadership and coordination through a newly cre- 
ated department of technology and the Nation's 
first associate superintendent for technology. 
With a growing minority student population, the 



^district has engaged in a planning effort to address 
equity and access to ensure that all students ac- 
quire basic skills and technological competence. As 
one of the largest school districts in the Nation, 
Houston also shows how economies of scale, crit- 

' ical mass, and volume purchasing power can be 
used to implement new prbgranis and produce 
software/curriculum materials. 

The Setting 

The Houston metropolitan area population in 
1 981 was 2.4 million. It is a highly mobile popula- 
tion with a high growth rate for Hispanics and 
Asians. A total of ld3,702 pupils attend 169 ele- 
mentary and 70 secondary schools. Over the last 
10 years the ethnic makeup of the student body 
population has shifted from an almost all-white 
population to one that is 23 percent white, 44 per- 
cent black, 30 percent Hispanic, and 3 percent 
Asian. Approximately 62 percent of the high 
school graduates attend college. 

Houstpn is at the center of a booming industrial 
area. Its major industries are oil and gas, bank- 
ing, construction, and chemicals. There are strong 
ties between HISD and area industries, the cham- 
ber of conmierce, and the other business organiza- 
tions. This relationship has been cultivated by 
Houston's superintendent, Billy Reagan, over a 
7-year period. Through cooperative business/ 
school arrangements, the district's popHa and pro- 
grams have benefited. For example, magnet 
schools receive hundreds of thousands of doUar^ 
for equipment and scholarships from companies 
such as Exxon, IBM, DuPont, and others. There 
is evidence that the district's focus on technology 
utilization, acadenuc achievement, and career 
training programs has been positively received by 
the business community^ 

The aimual budget of "$607 million supports a 
wide array of educational programs for this dis- 
trict's diverse population. The district currently 
receives $13 million in Federal title I moneys. 
Houston administrators expect to feel only a slight 
impact from cutbacks in Federal funds, since most 
of their revenues are locally generated. Unlike 
many urban' districts, Houston's financial base is 
thriving and its financial futurie appears secure. 

The following issues facing the (Ustrict affect ^ 
educational programs and educational quality: 

• The shift from an emphasis on desegregation, 
to an emiphasis on quality integrated educa- 
tion (mid-1970's), to the current emphasis on 
the prevention of resegregation. 
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• Changes in family needs (dual wage earners) 
and an increasing number of single-parent 
families. 

• An increase in the Hispanic population and 
enrollment, with a critical shortage of Spanish 
bilingual teachers, 

• The shortage of math, science, and computer 
science teachers; a high teacher turnover rate 
in critical areas; and difficulty in retaining top- 
quality teachers. 

• The increased computer use in all aspects of 
society and in the district. 

• The increase in community support from par- 
ents, patrons, religious organizations, and 
businesses and professional organizations. 

• The increase in student achievement since an 
all-time low in 1975, and the desire to main- 
tain these achievement gains at all levels. 

The major challenges, feels Superintendent 
Regan, are ''continuing to offer quality education 
in an integrated environment to all children, and 
attracting and holding nonminority children, both 
from within and outside the District/' 

Instructional Computing 

In the early 1970's, the district's first instruc- 
tional computing programs ^ere offered through 
the Region IV Education Service Center's com- 
puter. By 1972, 20 terminals were used for problem 
solving, drill and practice, and BASIC program- 
ing instruction. Math and data-processing classes 
at the secondary level were primary users. Com- 
puting activities were limited, points out Patricia 
Sturdivant, Associate Superintendent, and there 
were problems with inadequately documented 
courseware programs and manuals and with iy/gh 
costs of hardware and associated maintenance 
costs. The links through telephone lines were 
unreliable, and when the mainframe was down no 
instruction was available. Despite these frustra- 
tions a small cadre of teachers persevered. These 
educators, more often than not, were self-taught. 
Few had computer-science college training. 

By 1977-78, Houston's instructional computing, 
efforts were well established. While computer ap- 
plications varied, the major emphasis was on in- 
creasing pupil achievement in reading and math- 
ematics. Not only was this a major priority for the 
district, but Federal title I funds were used to sup- 
port these high-cost programs. Student gains were 

dramatic," according to high school principal 
Franklin Wesley. 

In 1979, the Region IV ESC established a mi- 
crocomputer task force, to evaluate what was hap- 



pening in the region's districts and to prepare 
recommendations for action. Task force members 
included Superintendent Reagan, superintendents 
of the Byran and Orange Cove School Districts, 
the director of data processing from Spring 
Branch ISD, and Sturdivant, then Region IV ESC 
Instructional Computing Coordinator. The task 
force found that use of time sharing had leveled 
off (after 5 years of steady growth), that interest 
in microcomputers was high, and that microcom- 
puters were being purchased with "insufficient 
planning, and little understanding of their poten- 
tials or limitations." After purchase, districti^ were 
faced with inadequately trained teachers, a short- 
age of software, and a lack of technical support for 
hardware operation and maintenance. 

The report reconmiended that hardware be 
standardized to facilitate training, maintenance 
and software exchange and development, and that 
high-volume purchase arrangements be made to 
reduce costs. Bid specifications were developed, 
and in June 1980, Bell and Howell's Apple II 
Microcomputer System was selected. 

The Region IV Instructional Computing Serv- 
ices Division served as the fiscal agent for school 
districts purchasing microcomputers. High-vol- 
ume purchases resulted in savings close to a 
million dollars over a 2-year period. In addition, 
the center provided computer literacy training to 
area school administrators and teachers, with 
more than 3,000 teachers receiving training. The 
center also offers a low-cost maintenance service 
for computer hardware; publishes a monthly news- 
letter; coordinates courseware purchase and selec- 
tion; loans video tapes, films, and other training 
materials; and offers special workshops to meet 
the needs of individual school districts in the 
region. The working relationship between HISD 
and the service center is evidenced by Reagan's 
choice of Sturdivant as his new associate super- 
intendent for technology. < 



Current Programs 

By October 1981, the district survey of micro- 
computers reported 200 microcomputers located 
in 47 percent of HISD campuses. The most fre- 
quently used system is the Apple II, 48K. Local 
hands were used to purchase 45 percent of the 
microcomputers in the school buildings, while Fed- 
eral funds paid for 31 percent. Parent-teacher or- 
ganizations bought or helped to buy about 4 per- 
cent of the systems. Of those reported uses, 44 per- 
cent focused oh classroom instruction; 29 percent 
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were used for classroom management, and only 4 
percent were used in school administration. 

A year and a half later (March 1982), the esti- 
mated number reached 323. While use of the ter- 
minals linked to a minicomputer has decreased, 
several elementary and secondary campuses con- 
tinue to operate drill and practice laboratories for 
compensatory (title I and SCE) and handicapped 
students. 

Managing Competency-Based Education* T^e 
Booker T. Washington High School's competency- 
based education program for students uses the 
school's PDP'll to score student tests, monitor 
student performance on specific learning objec- 
tives, and report progress to teachers. The school's 
principal, Wesley, argues that this approach is 
working for this school's depressed economic com- 
munity and its predominantly black population of 
students who are at the bottom of the academic 
j5cale. 

Computer ^Science/Programing Language^. 
Housed on the same campus (Booker T. Wash- 
ington) is onejof the distrfct magnet programs— 
the High School for the Engineering Profession. 
These students take computer science courses in 
BASIC, Fortran, applications, and problem-solv- 
ing, using terminals connected to the school's 
PDP-11. The school's computer science teacher 
works jointly with an engineer on loan from IBM. 
Other secondary schools offer computer science 
courses of instruction in several programing 
languages on both time-share terminals and micro- 
computers. In some elementary schools, students 
learn programing in mathematics. 

Project BASIC. All secondary schools have im- 
pFemented Project BASIC, a conmiercially devel- 
oped program for HISD's Apple microcomputers 
which monitors reading lab students' progress and 
tracks their mastery of reading skills. Before im- 
plementing the program, extensive training took 
place: first of principals, then reading teachers, and 
finally technical aids who input data and retrieve 
information on the microcomputer. 

Implemented in the 1981-82 school year, the 
project required a reorganization of the secondary 
reading labs, more than $6p0,000 (primarily SCE 
funds) to purchase hardware, software, and mate- 
rials to operate the labs, and reallocation of ex- 
isting operating funds to hire 67 basic skills com- 
puter operators, one media equipment mainte- 
nance technician, one supervisor, six area reading 
specialists, and one systems analyst. 

Computer Literacy. A computer literacy cur- 
riculum, developed by Region IV ESC, is being 



piloted in five elementary schools with language 
programs for gifted and talented students. At 
Askew Elementary, students learn about com- 
puters and their impact on society. Their parents 
are also involved. Together, they find microproc- 
essors that they use at home, and they collect and 
read newspaper and magazine cuticles. In class, 
students have experiences with the computer in 
drill and practice, simulation and tutorial ac- 
tivities. Finally, they learn simple programing 
routines. These students seem to enjoy all the ac- 
tivities, notes one of their teachers— particularly 
hands-on experiences. ''They love it so long as they 
have a computer on the end^f it." 

Operation Fail Safe. The district's computing 
power has also been used since 1977 in a unique 
parent involvement program. Operation Fail-Safe. 
Although not a teaching application, the program 
affects the instructional program. It is designed 
to reach parents, communicate information about 
their children's achievement, and help parents help 
their children (see fig. A-3). 

This system-wide program is an example of how 
computer technology has been used to provide im- 
portant data on a timely basis and on a massive 
scale, impacting 200,000 pupils, notes Sara Cord- 
ray, program director. Using the Region IV twin 
CDC Cyber 170 mainframe, HISD profiles each 
student's performance on the Iowa Test of Basic 
Skills; generates progress reports listing specific 
skill strengths in reading and math; develops in- 
dividualized reading lists (sent home as a letter to 
each parent) based on each students' interest and 
independent reading level from a data base of 
12,000 library books; and prepares vocc^tional pro- 
files based on a standardized assessment of each 
student. (Accompanying each profile is a printout 
of occupational opportunities and education and 
training requirements.) 

Other current uses (documented in the HISD 
Microcomputer User Survey) of the microcom- 
puters vary from school to school. Microcomputers 
are used in mathematics, reading, science, lan- 
guage arts, accoimting and business education, 
Special education, computer literacy, and program- 
ing activities. Some schools have computer clubs 
and some offer classes' after school for students 
and parents. Some teachers are creating their own 
software, and others use conunercially prepared 
materials. 

Impacts 

When Houston educators assess the impacts of 
technology on education, they point to improved 
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Figure A-3.-Sampl« "Fall Saff«" Parant Latter 

RO'OERTCK BERITT ELE« 

GHATDE 3 TEACHER « VACO 

YOUR^UPPORT AKO INVOLVEMENT IN OPERATION FAIL-SAFE IS MAKING A BIZ 
biFFERENCE IN HELPING RCQERICK'S READING SXILLS- ATTACHED A^E 

SOflE flORE ACTIVITIES THAT YOU CAN USE AT HaflE. 

GOOH LUCK IN HELPING YOUR CHILO BECOUE A BETTER READER* 



READING PRESCRIPTION FOR ROQERICK 
HATPRIALSI ' NEWSPAPER^ COLOREB PENCIL. 

ASK YOUR CHILD TO HUNT HEADLINES FCR BLEND WORDS. AS,K HIM -TO 
CIRCLE THE ONES HE FINOS. HELP HIH READ WORDS HE DCESN'T KNOW. LET 
HW READ THE WORDS HE DOES KNOW- 



PAIR PICK 

CAN YOUR CHILD 
THREE WORDS TO HlH. 
YOUR CHILD CAN PICK 

EXAMPLE' 

SKIP 



HEA-R THE TWO WORDS THAT BEGIN ALIKE? REAO THE 

TWO OF THEM BEGIN WITH THE SATE SOUND. SEE IF 
THE PAW THAT BEGINS ALIKE. 



SKILL STAND 



WHICH TWO BEGIN THE SAME? 
ISKIPf SKILLI 

WHAT TWO LETTERS TIAKE THAT 
SOUND? tSKI 



DO THE SAME FOl THESE WO'ROSI 

1. SMUG SPILL SWELL 

2. STOP SNOW SfAI-RS 

3. SPUN SWIM SPOT 
SWING SWEATER SKIRT 

5. SNUG STONE SNACK 

6. SMART SMELL SNOW 

f. SPEAK SPUNK SMILE V 

^ GOOFY SENTENCES 

ASK YOUR CHILD TO HAKE S01«E "GOOFY SENTENCES^ WITH THE ILENfOS, 
THE OBJECT IS TO INCLUDE AS MANY BLEN13 WORDS AS YOU CAN. THE SEN- 
TENCES CAN BE SILLY FOR 'MORE FUN* 
EXAMPLES t 



SHALL SNAKES SKATE SPEEfQILY. 

FLIMSY SLUE FROGS DRIVE SMALL PLAY CARS- 

TO GET THINGS STARTED^ SUGGEST BUILDING A LIST OF BLEND WORDS FOR 
-ST.- -SK^- -SM^- -St^^- -SW.- -SN^- -CL^- -FL^- -PLt" -SL,- -B'R^- 
-CR^- '^OR^- ••FR,- -GR^- "Pl^.- "TRf- AND -Bt." BRAINSTORM WITH YCUR 
CHILD TO THINK OF MANY WORDS AS YOU CAN FOR EACH ILEND- THEN WORK TO- 
GETHER ON CREATING THE GOOFY SENTENCES. 

SOURCE: Hootton lnd«p«nd»nt School Olttrlct 
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student achievement. The profile of HISD elemen- 
tary students' mean composite scores from 1971 
to 1981 documents the increased basic school per- 
formance of a student population who typically are 
low achievers (see fig. A-4). In 1980-81, the district 
completed its sequential testing program through 
grade 12. Although the results at the elementary 
' level are more impressive, scores in grades 5, 7, 
8, 9, 10, and II* also show a significant improve- 
ment in achievement. Although not the sole fac- 
tor, technology plays a critical role. 

When the title I computer-assisted instruction 
(CAI) program was evaluated, atudents in grades 
2-6 averaged gains of 1.1 months in reading and 
1.2 months in mathematics in 1978-79. Students 
in grades 3-7 made similar gains of 1.1 months in 
reading, 1.4 months in mathematics, and 1.5 
months in language in 1980-81. Of teachers whose 
students participated in the CAI labs, 93 percent 
felt that student performance improved as a result 
of CAI and 63 percent reported that students' 
achievement was greater than would be expected 
in a traditional instructional program. While 
students looked forward to CAI classes, teachers 
complained about the disruption to their classes 
when students were puUed out. Scheduling was 
fixed and inflexible. Moreover, when computers 
were down or telephone lines malfunctioned stu- 
dents missed instiniction. 

Operation Fail Safe was evaluated in 1977-78 to 
determine the relationship between parent involve- 
ment and student achievement. The level of parent 
involvement, determined by the school principal, 
was compared with students' achievement test 
scores. At every Jiivel— elementary, junior high, 
. and senior high— a significant positive relationship 
was documented. A second study of a pilot parent- 
assist program involved 200 parents of third grade 



Figure A-4.-iowa T»sts of Basic Skills, 
Msan Composits Scorss, HISD, 1971-81 
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SOURCE Houston Indapendant School District 



students in four schools. After students' reading 
skill areas were identified, materials were prepack- 
aged and distributed weekly ftJr parent-child use 
at home. 

A comparison of these students and a control 
group (students not participating in the program) 
revealed higher significant gains for pilot students. 
Beyond these' statistical gains. Operation Fail Safe 
has the strong support of the business communi- 
ty. Local businesses and corporations have paid 
for a $1 million advertising campaign that high- 
lights parent involvement activities with the mes- 
sage, *'Don't Fail Me— Help Me.'* Seventy-four 
percent of elementary school parents and 39 per- 
cent of secondary school parents attend the pro- 
gram's parent-teacher conferences. 

HISD and the Region IV ESC have provided 
leadership for the 101 local area school districts 
and for the St^te education agency. The Apple 
microcomputer bid process and contract had na-. 
tional recognition and was used as a basis for other 
district and regional education agency efforts. 
Region IV was one of the first to join the 
Minnesota Educational Computing Consortitun 
(MECC) as an institutional member, providing 
area schools access to MECC-produced software. 

HISD organized a technology conference for the 
National Institute of Education's Urban Super- 
intendents Study Group in December 1981. The 
conference brought together educational leaders, 
hardware manufactures, and educational publish- 
ers to discuss common needs and to work towards 
collaborative efforts. 

Finally, the district is bombarded with requests 
for information and for help— ''everything you 
know about computers." There is a steady stream 
of visitors who come to observe programs and see 
teachers and students in action. 

As HISD moves its technology programs for- 
ward, Sturdivant sees the need to h^lp schools to 
effectively use the technology that they have. She 
believes that, before schools acquire hardware or 
add to their inventory, they nuist plan for their 
use. That involves an iinderstanding of the tech- 
nology's potential and its limitations, the learning 
objectives to be met, and the trained teachers 
needed to implement the program. Sturdivant is 
also in favor by focusing on a few applications at 
a time, so as to give the district leverage for pur- 
chasing hardware and software. The major pub- 
lishers wiU provide what the district needs ''if they 
know we wiU buy." The full impact of technology 
on HISD wiU come when "technology is fused to 
education ... to what teachers are doing . . . and 
(is) not another add-on to the curriculum. If teach- 
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ers can't be convinced that technology will make 
their job easier, they're not going to buy it." 

In addition, here will be a concert^ effort in 
HISD to continue to identify those programs that 
are working and to replicate them. The key, states 
Associate Superintendent Michael Say, "is ta 
channel the use of technology and coordinate 
it . . . Houston is on the verge of moving ahead in 
a significant way." The distdct will fund the 
emerging programs out of State and local funds 
because **we want to determine our own emphasis 
and maintain our own programs." Federal funds, 
he argues, should be used for innovation and state- 
of-the-art development. ^ 

Future 

For HISD, the future is now. Although technol- 
ogy is already a part of the Houston educational 
scene, with diverse activities well under way, there 
is a pervasive feeling among educational' leaders 
that hard decisions must be made, innovative ac- 
tions initiated, and major resources reallocated as 
quickly as possible. At the same time, cautions 
Say, **We can't just throw technology out there 
and expect it to be used." Houston's efforts will 
focus heavily on teacher and administrator com- 
puter-literacy training, and on acquisition of hard- 
ware and software that is coordinated with 
planned program development. Superintendent 
Reagan believes technology holds * 'untold prom- 
ises . . . not to replace teachers but to become the 
full partner of the teacher." The district's future 
plans are diverse; sevefal are close to implemen- 
tation or are already under way. Other plans are 
2 to 5 years awe^ from- completion. 

New Roles for Teachers. The position of teacher 
technologist with pay incentives (increased salary 
supplements) has been approved. Teacher technol- 
ogists will teach teachers, parents, and youngsters 
and serve as catalysts, planners, and implementers 
of computer literacy and other programs on indi- 
vidual school campuses. These teachers will draw 
on the small cadre of staff members already im- 
plementing programs, as well as on others who are 
ready to move into this role. It is hoped that these 
new opportunities and increased pay will hold the 
district's trained teachers and attract new recruits, 
many of whom are choosing industry for their 
careers. 

Extensive Staff Development. Through existing 
programs offered at the microcomputer center and 
through the establishment of additional centers 
and demonstration projects in schools involving 
teacher technologists, training activities will be 



significantly expanded. First priority for aware- 
ness and training activities will be school prin- 
cipals. School officials note that the principal is the 
key figure in program implementation. 

Expanding the Use of Microcomputers as In- 
structional Delivery Systems in the School and 
Home. School officials expect the number of 
microcomputers in HISD to increase from the 
present 250 to 300 to approximately 1,000 in a 
year and to 5,000 to 7,000 in 5 years. A major use 
of these machines will be to increase student time- 
on-task in basic skill areas, especially in title I 
schools. Moreover, microcomputers will be made 
available tq^^afenls^holmve participated in train- 
ing sessions and who are willing to help their chil- 
dren increase academic skills at home. Pilot pro- 
grams will begin in September with schools that 
have implemented parent-school training and the 
Operation Fail-Safe partnership activities. 

Although there is a lack of available, appropriate 
software, district leaders believe that there is 
enough to begin the programs and that more will 
follow as the microcomputers are purchased, and 
the district envisions software lending libraries 
available to parents who will purchase hardware 
on their own. Eventually, Houston's cable system 
will become part of home-school activities, with in- 
dividual student prescriptions, homework assign- 
ments, and a range of learning packages geared 
to terminals in the home. 

Computer Literacy for Diverse Student Popula- 
tions. Over the next 4 years, the district plans to 
expand and develop magnet elementary and sec- 
ondary schools located near major government, 
business, industry, higher education, and cultural 
centers of the city. This in-town consortium of 
magnet schools will be linked together by common 
program components and a common HISD trans- 
portation system. The plan is to integrate diverse 
cultural, racial, and socioeconomic student popula- 
tions by offering a strong academic program that 
integrates the use of the computer as an instruc- 
tional tool in skill development and enrichment 
activities. 

Educational programs will take advantage of 
nearby resources, expanding HISD's Business 
School Partnership Program, which brings volun- 
teers into the schools to tutor, teach minicourses, 
and organize field trips. These magnet programs 
will also use the resources of libraries, museums, 
universities, colleges, and community centers. 
With the increased focus on technology, the prac- 
tical technical expertise of resource people from in- 
dustry apd the business community will play an 
even more important role. 
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Developing Technology-Based Courses. One 
way to deal with the district's critical shortage of 
math, science, and bilingual teachers is to develop 
courses that do not require a full-time teacher. 
Although not on the district's immediate horizon, 
there is a growing idea that such courses, mini- 
courses, and the like can be developed because of 
advances in computer and video disk technologies. 
There is also a plan to make better use of the dis- 
trict's in-house television and cable capabilities by 
designing remote-learning stations with instruc- 
tion coming from a teacher in one location. 

While some educators see these plans as vision- 
aiy rothiBrs poinrto HTSITs iMWa other 
areas and argue that, under Superintendent Rea- 
gan's leadership, these ideas will become reality. 
The superintendent is a powerful persuader: "Un- 
less technology— Le., the microcomputer, the video 
disk, and television— is fully developed and ex- 
ploited to the maximum degree, we will fall fur- 
ther and further behind in Jlouston in providing 
the manpower for industry, for our defense, and 
for our future." 

Resources 

Case study interviews: 
Houston Independent School EHatrict, Houston, Tex. 
Billy Reagan, Superintendent 

Michael Say, Associate Superintendent for Instruction 
Patricia Sturdivant, Associate Superintendent for 
Technology 

Ronald Veselka, Assistant Superintendent for Research 
' and Evaluation 
Sara Cordray, Program Administrator, Parent Support 
Programs 

Frank Wesley, Principal, Booker T. Washington High 
School 

Richard Frazier, Teacher, Booker T. Washington High 
* School 

John Roustenstraugh, Test Engineer on Loan from IBM 
and Teacher 

Helen Heard, Principal, Askew Elementary School 
Two classrooms of gifted and talented students using 
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Joy Louisa, Principal, River Oaks Elementary School 
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Madeline Reed, Director of Mathematics 
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Patsy Rogers, Computer Resources Director, Microcom- 
puter Center for Teachers 
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Information Tecimologfy 
. and Education in^ the 
State of Alaska 

The State of Alaska is providing extensive and 
varied applications of computer and communica- 
tions technology to education. Special geographic, 
demographic, sociological, and financial factors 
have made the State a forerunner in educational 
information technology. Alaska has a population 
unusually receptive to change and technology; a 
compelling need to apply communications and in- 
formation technology to education; and the finan- 
cial capability to invest in capital-intensive 
innovations. 

Although many of the technical, political, legal, 
organizational, and educational issues and prob- 
lems being addressed in Alaska are conunon to 
other parts 'of the United States, the special cir- 
cumstances of Alaska require that any attempt to 
generalize from Alaskan exi;)erience be done care- 
fully. Given this provision, it seems reasonable to 
look to Alaskan experience for useful lessons in the 
application of technology to education. 

The Setting 

Alaska is the largest State in the United States, 
coveting a land area equal to about 20 percent of 
the remaining 49 States. Physically separated 
from the contiguous 48 States, it is characterized 
by rugged terrain, extremes of climate, low popula- 
tion density, limited land transportation, and 
many small isolated communities accessible only 



er|c 



2I> 



228 • Informational Technology and Its Impact on American Education 



by sea or air. The total population of 400,000 in- 
cludes 50.000 native Americans who belong to 
seven major and distinct culture and language 
groups. Over 50 different native languages and 
dialects are spoken in the homes. Alaska's popula- 
tion overall is relatively young. The frontier char- 
acter of the region attracts pioneering young 
adults, while the rigors of life discourage retirees 
from remaining for their later years. 

Alaska has about 90.000 school-age children dis- 
tributed over an area twice the size of Texas. 
Alaska's 450 public schools vary in size from 2.500 
students in an Anchorage high school to 8 or 10 
studehts in one-room schools in remote areas. 
Although some of the 52 school districts in Alaska 
are geographically larger than those in most other 
States, they may have only about 1,000 students. 
The State is required by court decision to provide 
education to students aged 7 through 16 in their 
home communities, rather than by sending them 
to boarding schools in other communities. 

In rural communities, most students are native 
Americans who have only brief history of school- 
ing. The educational level of many parents is low. 
and the benefits of standard American schooling 
are not necessarily valued. Many of the students 
have a history of poor academic performance and 
a negative view of schools.' 

The recent discovery and exploitation of oil in 
Alaska has provided the financial capability to in- 
vest large sums of capital in education. In addi- 
tion to the average per pupil expenditure of near- 
ly $7,000, there are special projects— such as $200 
million for construction of schools and about 
$125,000 for the installation of a satellite receiver 
in a rural village. Rural schools are financed totally 
by State funds. 

It is far beyond the scope of this case study to 
trace the general history of communications in 
Alaska. But it is important to recognize that the 
developments in educational technology in Alas- 
ka have occurred in the context of a generally 
atypical conununications situation. 

Communications technology that most Ameri- 
cans take for granted— telephones, radio, and tel- 
evision—have had a very complex and problematic 
history in Alaska. Alaska's long-distance tele- 
phone facilities were operated until 1971 by an arm 
of the U.S. Air Force. The system, served by high- 
frequency land radio stations, was unreliable 
because of ionospheric disturbances conunon to 

'Williani J Bramble and Erneat E PoUey, "Microcomputer Inatruc 
Uon in Remote VUagca in Alaaka." Alaaka Department of Education. 
1961 



the region. In 1971, 142 villages had no telephone 
service at all. RCA Alaska Communications- 
bought the system and was certified by the Alaska 
Public Utilities Commission to provide telephone 
service. 

RCA encountered a variety of difficulties in- 
cluding hindrances by weather, unreliable electric 
power, employee problems in coping with village 
conditions, and villagers' lack of sophistication in 
dealing with the new system.' Because of the dif- 
ficulties of providing conununications on a private- 
industry basis, the Alaska State government haa 
taken a more active role in providing conununica- 
tions; 

By the early 1970's. it becanie apparent that sat- 
ellite technology offered a more promising means 
of providing telecommunications services to vil- 
lages than had any prev%)us technology. Several 
projects involving satellites were initiated by the 
State government, including an experiment 
funded jointly by the U.S. Department of Health. 
Education, and Welfare (HEW) and the National 
Aeronautics and Space Administr^ttmKjLater 
transferred to the National Institutes for Educa- 
tion (NIE)).* HEW and NIE support forN^s 
**ATS-6 experiment'* was about $2.5 millioq.X 

The ATS-6 experiment involved educational and 
biomedical applications of satellite-tran8mit|«d 
color television and interactive audio to 19 sites 
in Alaska, Actual operations lasted only 9 months, 
during 1974-75. but planning had begun in 1972. 
The experiment was extensively evaluated and re- 
ported on.* * • 

While some of tli^^e evaluations concluded that 
the experiment was hqt cost-effective, the project 
did build a base of tecWiical expertise in the State 
with regard to satellite communications technol- 
ogy.^ For example, a great deal was learned about 
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the use of low-power ground stations.* Effective- 
ly structured audio conferences for adult interac- 
tion were found to be effective for educational pur- 
poses.* Institutional issues regarding m^dia began 
to be addressed, such as ways of providing for local 
(as opposed to State or national) control over 
media and methods of providing appropriate pro- 
graming for rural Alaska. 

In 1976, the Alaska State Legislature provided 
an appropriation of about $10 million to initiate 
construction of more than 100 small farth sta- 
tions throughout Alaska that would extend sat- 
ellite-based long-distance telephone service to 
many commimiGes. The fono\^ year, the legis- 
lature expanded this satellite network to include 
television broadcasts for some commimities. Since 
1977, daytime instructional television (ITV) pro- 
grams have been broadcast by satellite, and sites 
receiving these broadcasts have increased in 
number. 

In 1978, the Alaska State Department of Educa- 
tion, with joint funding from NIE and the State, 
initiated the Educational Tel^ommunications for 
Alaska Project. This project, funded at $6 million, 
has developed several of the major educational 
technology systems and applications described in 
this report, including an electronic mail network^ 
an information retrieval system, and multimedia 
individualized courses. 

To help determine the instructional potential of 
satellite television, the legislature in 1979 re- 
quested that a study be made of the feasibility of 
using television for instructi6n on a statewide 
basis. **A Report on the Feasibility of Telecom- 
muiiications for Instruction in the State of 
Alaska" was submitted to the legislative council 
in February 1980. In response to the recommenda- 
tions of this report, the legislature approved an ap- 
propriation of $8.6 million to implement the in- 
structional television and audio conferencing sys- 
tems now known as the LEARN/ALASKA Net- 
work. LEARN/ ALASKA is managed by the Uni- 
versity of Alaska Instructional Telecommunica- 
tions Consortium (UAITC), a joint organization of 
the University and the State Department of Edu- 
cation. ^ 

Use of Information Technology 

Six major kinds of computer and communica- 
tions applications are in varying stages of im- 
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plementation and use in Alaska. These include the 
following: 

• instructional television; 

• audio conferencing; 

• electronic mail; 

• information retrieval; 

• individualized study by technology; and 

• computer literacy. 

Instructional Television. By December 1981, 86 
Alaskan commimities were receiving instructional 
television via satellite dish antennas. Additional 
communities continue to be added to the LEARN/ 
ALASKA television network. The statewide in- 
structional television chauaneniroadc^ts nearly 18 
hours of programing every day for audience levels 
ranging from preschool through adult. The pro- 
grams may be used directly in class or taped for 
later use. 

Most of the programs are purchased from educa- 
tional program producers in the contiguous 48 
States. However, the Stat^ of Alaska is now pro- 
viding funds for Alaskans to produce programing 
tailored to the special needs of its regional and 
cultural groups. The Northwest Arctic School 
District has receiyed a grant from the State to 
develop programing appropriate for the Inupiaq 
EskimQs who live in 1 1 villages scattered through- 
out the 36,000-square-mile district (about the size 
of Indiana). Students in Kotzebue are producing 
ITV programing which can be broadcast live from 
Kotzebue's transmitter. 

Despite the large commitment to State instruc- 
tional television, many problems remain. First, 
scheduling of broadcasts to meet user needs is a 
problem in a State that spans five time zones. 
Local taping of broadcasts for later use can resolve 
this problem, but there are copyright issues in- 
volved and not all programs can legally be copied. 
Second, the high cost of developing the needed pro- 
grams can not be amortized over a large audience 
due to the sparse populations. Moreover, program- 
ing aimed at adults in the home is often ineffec- 
tive when the home environment is crowded and 
not a suitable learning environment. Finally, po- 
litical problems arise when the State-run network 
is p>erceived by local cable TV operators to be in 
competition with private industry. 

The cultural impact of television has been an 
issue of considerable interest since the State first 
took initiatives in this area. Mechanisms for pro- 
viding native consumer control over programing, 
scheduling, and operations have been of major con- 
cern since the earliest experiments. For example, 
James Orvik of the Center for Northern Educa- 
tional Research observed, ^'Depending on how the 
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development of a system is managed, early reli- 
ance on satellites as the principal means of delivery 
could be an open invitation to begin centralizing 
and homogenizing the entire process of media de- 
livery and media use. To the extent such a trend 
would erode the emergence of local and regional 
systems, there is cause for concern."*® 

One oif the strategies that has been adopted 
to ensure local and regional control for the 
LEARN/ALASKA network is ttie provision for 
regional programing facilities and the establish- 
ment of local capability to develop programs. 

Audbo Conferencing. In additijon to instructional 
television/ the LEARN/ALASKA network pro- 
vides the hardware and the communications capa- 
bility for audio conferences, which cost about $64 
per line per hour to operate. In December 1981, 
the network had 59 audio conferencing sites; 104 
are planned by September 1982. At each communi- 
ty audio conference center a coordinator helps 
users with the technical and administrative as- 
pects of setting up and conducting a conference. 
A guide assists users in conducting effective 
teleconferences. 

The University of Alaska has been an early user 
of this system for education. Students at many of 
the remote university campuses can join together 
in class discussions through the audio conferenc- 
ing system. Some faculty members are beginning 
to develop expertise in the use of this technology, 
which, although powerful, requires a considerable 
amount of administrative time to implement. Ac- 
cording to one professor, a faculty member must 
spend about four times more time administering 
a course that operates via audio or computer con- 
ference than he spends for a similar conventional 
course. These pioneering faculty are developing ex- 
pertise in the appropriate structuring, manage- 
ment, and coordination of audio conferences. 

Another major application of audio conferenc- 
ing is for teacher inservice training. This method 
is highly cost effective in this State, where travel 
costs are very high. 

Electronic Mail. Certain characteristics of an 
electronic mail system (EMS) make it an ideal tech- 
nology for overcoming cultural, geographic, and 
scheduling barriers to education. Through EMS, 
students with different cultural backgrounds, 
located in distant places in different time zones, 
engage in seminar- type discussions with one other 
and with their professors. Even when all the stu- 
dents in a particular class are physically located 
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at the main campus, they have more interaction 
with each other and with their professor through 
the system than they would be able to have in a 
typical classroom. This is particularly true for 
native Americans whose minority culture back- 
ground often results in little class participation. 
The asking and answering of direct questions in 
a face-to-face setting- is often in opposition to 
culturally accepted modes of interacting." In 
Alaska two EMSs serve educational users: the 
University of Alaska computer network and an 
EMS operated by the State Department of Edu- 
cation. 

The University network is^ by -far the largestr 
serving 7,000 users at campuses and agencies 
throughout the State. In the month of November 
1981, 104,000 messages were transmitted on this 
system. Used in innovative ways for learning and 
teaching, the University's system made it possi- 
ble throughout the winter for high school students 
in Nome, Anchorage, Juneau, Kfcnai, Fairbanks, 
and Petersburg to participate in an honors pro- 
gram managed by a professor in the mathematics 
department of the University of Fairbanks. The 
students received assignments, collaborated with 
each other, and transmitted their work to the pro- 
fessor through the system.^* Problems encoun- 
tered in using the University network for clasa- 
room interaction have included: lack of visual 
material; lack of cross referencing of messages; too 
many simultaneous threads of conversation; too 
high a reading level in messages; inability to con- 
trol negative messages; and student inability to 
digest unrelated topics. 

EMS operated by the State Department of Ed- 
ucation was developed by the Educational Tele- 
communications for Alaska (ETA) project. This 
network links administrators of the 52 school 
districts with each other and with the State 
Department of Education at Juneau. The system 
is directly accessible only to district ad- 
ministrators, not to school personnel, since the 
district offices are distant from rural schools. In 
November 1981, the system transmitted about 
3,500 messages. The primary benefit of this 
system is for State and district administration. 

There is no physical interface betw^n the 
university network and the State EMS. The most 
commonly cited reason for this is security. 

Information Retrieval. The Alaska Knowledge 
Base, developed as a part of the ETA project, is 

'^PflTMfui comtnuDkMtkm with Ronald ScolUn at the C«nUr for Crod^ 
Cultural Studiaa. Univaralty of Alaaka. Dacambar 1^1 
. *'Paraonal communication with Dr. van Vaklhauaan, Dapartmant of 
Mathamatlca. Univaralty of Alaika, Dacambar 1081 
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a computerized guide to help Alaskan educators 
find current information about curriculum mate- 
rials, successful classroom programs, and resource 
people willing to serve in the schools. Users access 
the knowledge base through the computer ter- 
minals located in the administrative offices of the 
52 school districts and the department of educa- 
tion. During a 3-month period in 1981, about half 
the school districts used the system, retrieving 
about 3^500 items of information from this knowl- 
edge base. 

Individualized Stirdy by Technology (1ST). A 
major product of the ETA project is a series of 1ST 
courses for high school studentsln remote schools. 
These courses are designed to provide instructidn 
that would allow the small, isolated schools to offer 
a variety of high-quality courses at the secondary 
level without increasing the staff size and without 
transporting students to schools in large popula- 
tion centers. When a school adopts 1ST courses, 
it acquires an Apple computer. The computer is 
also used for a variety of other applications such 
as high school accounting courses, compute^r 
science and data processing training, and drills in 
basic skills. 

Six 1ST courses have been develoi>ed: Alaska 
history, English, developmental reading, general 
mathematics, general science, and U.S. history. 
The course packages include student reading ma- 
terials, lab guides, audio cassettes, teacher guides, 
text and reference materials, and computer-based 
exercises and tests. The computer materials oper- 
ate on stand-alone microcomputers (Apple II). An 
important component of the course design, com- 
puter-based activities provide a high degree of in- 
teraction with the student. In pilot tests of the 
courses the computer exercises were the mode of 
instruction most preferred by 74 percent of the 
students. Audio tapes were liked the least. 

As typical of technology-based instructional sys- 
tems, the pilot test evaluations indicate that revi- 
sions are needed." **TlfiEnffiPof an overall model 
for what and how to teach in 1ST courses has con- 
tributed to some of the problems with course de- 
sign, such as the lack of higher cognitive level 
tasks, high levels of reading difficulty, and prob- 
lems with use of audio tape^."'^ Nevertheless, the 
adoption rate in 1981 far exceeded ext>ectations. 
As of December 1981, 95 schools had adopted one 

How*, ei " IndividualiMd Study by Tabcomxminicationa PUot 
TMt FinAl Evaluation Report." Aiaika Dapartmcnt of Education. June 
1980 

''Educational SkUb Developnoent. Inc.. "Final Raport Evaluation of 
1ST CouHMa FY 81 Piiot Study." Alaaka Depart mant of Education. 
Novemb«r 1981 



or more of the courses. Apparent benefits of the 
1ST courses include the foUowing: 

• the courses work well for students whose at- 
tendance at school is irregular or seasonal, 
which is the case in many rurcd Alaskan 
schools; 

• the courses provide more educational options 
within a small school; 

• the computer component is motivating, and 
the equipment has other applications in the 
school; 

• the courses are complete and self-contained, 
and are not dependent on local material re- 
sources or teacher knowledge of content; 

• the courses provide continuity of curriculum 
in schools where teacher turnover is high. 

Availability of the initial 1ST courses has pro- 
vided Alaskan, educators with an example of what 
is possible through technology. Demand for addi- 
tional courses is building, particularly for high 
school mathematics and adence courses. However, 
it is not clear at this point how development of 
such courses will be funded, or even how revision 
and maintenance of the initial courses will be 
supported. 

The cost per student of 1ST courses will depend 
on the overall number of students using the 
courses, the number of students per course per 
school, and the lifespan of the materials and pro- 
grams. It appears that the cost per student per 
course of about $900 will be less than the average 
Alaskan rural conventional course cost per student 
(about $7,000). One major cost component for 1ST 
is teacher training. In fiscal y^ar l(M(l, the cost per 
teacher for training was about $1,500. Travel and 
per diem expenses accounted for a large propor- 
tion of these^ teacher training costs. 

Computer Literacy. In Alaska, as in other 
States, the availability i)f low-cost microcomputers 
has generated considerable interest by educators 
in computer-related skills that should become part 
of the curriculum. Several hundred microcom- 
puters are now available for student use in schools, 
and the number is growing rapidly. The Alaska 
Association of Computer Using Educators has 
been formed with the help of the State Department 
of Education. The department also publishes a 
newsletter for the association. 

By providing teacher inservice workshops in 
computer literacy and by providing information 
to educators on available software, the State 
Department of Education assumes a leadership 
role in promoting computer literacy. In an arrange- 
ment with the Minnesota Educational Computing 
Consortium (MECC) the department provides cop- 
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ies of MECC educational software free of charge 
to the schools. It is now establishing a process for 
evaluating commercially available courseware and 
will seek to make arrangements with publishers 
to license distribution of courseware in the State. 

Computers mud Culture. In 1971, the Computer 
Center Director of the University of Alaska began 
a series of educational experiments in Alaskan 
high schools. He hypothesized that the use of com- 
puter technology could assist Alaskan natives in 
overcoming cultural barriers to learning in the 
classrootn. He found that Eskimo children in 
Nome broke through cultural isolation through the 
use' of Fortran programing; that a teacher could 
interact with Indian children through computer 
terminals when they would not interact with him 
face-to-face; and that Eskimo children gained an 
understanding of arithmetic through the use of 
handheld calculators.'* 

Impact on the Use of Information 
Technology 

The LEARN/ALASKA network and the ETA 
projects have been implemented in the past 2 
years and are just now beginning to be used opera- 
tionally. The impact of these systems on educa- 
tion will not be observable for some time. There 
appear to be no plajig by the agencies involved to 
monitor or evaluate the impact of these systems. 

Knowledgeable persons in Alaska make the fol- 
lowing kinds of predictions of the impacts of com- 
puter and communications technologies on educa- 
tion: 

• curricula of small schoo.ls will become more 
standardized through use of the 1ST courses; 

• nonschool-based education, such as corres- 
pondence courses, will become more impor- 
tant; 

• individual schools, as opposed to school dis- 
tricts, will assume greater decisionmaking 
control; 

• previously isolated cultures will become more 
socially sophisticated; 

• native languages will disappear; and 

• cultural barriers to educational progress will 
be overcome. 

The increasing use of audio conferencing is ren- 
dering obsolete some institutional mechanisms 
and jurisdictional boundaries. Communications 
networks cut across school district and State lines, 
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raising issues about institutional jurisdictions over 
accre£tation of courses, tuition payments, school 
schedules, and the like. 

Through their varied experiences in the imple- 
mentation of computer and communications tech- 
nology in education, Alaskans have addressed 
issues of design, implementation, and public policy - 
that very likely all Americans will eventually have 
to address. By no means have all these issues been 
resolved in Alaska, but there Is a more mature un- 
derstanding of them now than 10 years ago. 

• What are the risks involved in technological 
innovation, and how might they be mini- 
mized? According to a model being developed 
at the Center for Cross-Cultural Studies at the 
University of Alaska, the risks of wasted cap- 
ital investment and undesirable cultural side 
effects can only be minimized if systems 
evolve witli a high degree of user control over 
growth rate and direction. 

• Should the cultural and other impacts of in- 
novation be monitored and, if so, hovy? There 
is no formal mechanism for monitoring im- 
pacts and outcomes in Alaska. Some believe 
there is no point in it; others are concerned 
over our fack of understanding of impacts. 

• What is the appropriate role of State govern- 
ment in delivering instruction— e.g., via televi- 
sion or computer-assisted instruction? 

• By what mechanism^ can educational needs 
be taken into account in the processes of es- 
tablishing policies and regulations regarding 
telecommunications? 

• How can educators and users drive the design 
of innovations? 

• How can development of high-quality, user- 
relevant programing be financed? 

The Future 

Increasing use of computer-assisted instruction 
is highly likely in Alaska. The Report of the Gover- 
nor's Task Force on Effective Schooling recom- 
mends "computer-assisted instruction as a viable 
means of enhancing schooling with respect to the 
development of skills and acquisition of content."** 

Application of video disk technology, combined 
with microcomputers, is planned. The Office of 
Planning and Research in the State Department 
of Education has established a design team to ana- 
lyze authoring systems, assess feasibility of group 
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interactive video disk systems, and prepare recom- 
mendations for applications to instruction. 

Audio conferencing will be combined with in- 
structional television to provide interactive 
courses. Students watching an instructional televi- 
sion program will be electronically linked together 
and to the instructor, thus providing a techno- 
logically advanced kind of correspondence course. 

University students in Alaska will have increas- 
ing access to courses at out-of-state institutions 
via computer and audio conferencing systems. 

EDUCOM 

EDUCOM was founded in 1964 as a nonprofit 
organization for colleges, universities, and other 
nonprofit institutions of higher education. Its cur- 
rent membership includes over 360 university and 
college campuses in the United States and abroad. 
The goal is to help its members make better use 
of computing and information technology. Areas 
of application are academic instruction and re* 
search, college and university administration, and 
library and information dissemination* EDUCOM 
provides the following types of services and activ- 
ities: 

• sharing and exchange of specialized compu- 
ter and information resources; 

• consulting on the management and use of 
computer technology; 

• maintenance and dissemination of a financial 
modeling system; 

• conferences, seminars, workshops, and pub- 
lications; and 

• research and specialized software. 

Services and Membership Activities 



1. EDUCOM BuUctin. The EDUCOM BuUetin is 
published quarterly, with a circulation of about 
10,000. The bulletin reports on presentations, 
research projects, applications of information 
technology to higher education, and systems of 
interest to the education community. 

2. Annual Conference. Annual conferences address 
resource sharing, computer networking, the de- 
velopment of information systems, and zither 
topics of current interest to member institu- 
tions. ,nre^ 

3. Seminars, Seminars in 1981 includedT^'Manag- 
ing Microcomputers on Campus," and **EFPM: 
The EDUCOM Financial Planning Model." 



4. Research Reports and Monographs, For exam- 
ple, the report of a 2-year, NSF-funded study of 
factors affecting the sharing of computer-based 
resources. 

5. Informal Communications, These include letters 
to presidents, memoranda, and other mailings 
relating to the sharing of resources and the use 
of computing and other technologies in higher 
education. 

6. Discounts, EDUCOM provides for discounts on 
the purchase or lease of computing equipment 
and related materials and services from selected 
vendors. 

IJHis^'^^rces, Task forces are designated to 
study special issues of interest to members. 

Special Activities 

EDUCOM provides specialized services through 
the activiti^ of EDUNET, the EDUCOM Con- 
sulting Qfoup, the EDUCOM Financial Planning 
Model (EFPM), and research and development. 

EDUNET. This is an international computing 
network for higher education and research. 
EDUNET itself neither owns nor operates any 
computing facilities. Rather, it acts as a broker, 
linlditg using institutions who have unusual com- 
puting requirements with 1 of 16 institutional sup- 
pliers. Connecting links are established through 
commercial communications networks, provided 
by networks such as Telenet and TYMNET. Typ- 
ical communications charges are $4 to $6 per hour. 
All arrangements, including billing, are handled 
centraUy by EDUNET. 

Planning for EDUNET was initiated in 1966 
under partial sponsorship of NSF. Several studies 
and experiments followed, and a full network was 
established in 1979. On July 1, 1979. EDUNET 
became a permanent and self-sustaining activity 
of EDUCOM. 

Membership in EDUNET in June 1981 included 
168 institutions. Ivocal access is provided in 260 
U.S. cities, 60 Canadian cities, and 30 foreign coun- 
tries. Resources available from EDUNET supplier 
institutions include: 

^ electronic mail and conferencing systems, 

• tutorial programs, N 

• CAI authoring languages, | 

• statistical packages, / 

• subroutine libraries, J 

• planning and analysis models, ' 

• simulation languages and games, 

• data bases, 

• data-base management systems, 
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• information storage and retrieval systems, 

• programs for textual analysis, 

• graphics software, and 

• text editors. 

EDUNET services also include a hotline, the 
quarterly EDUNET News, the informal 
EDUNOTE, a Member's Guide, electronic mail 
and conferencing, training workshops and in- 
troductory seminars, an on-line catalog of re- 
sources available from suppliers, and searches 
tailored to special requirements. EDUNET has 
developed special software so that microcom- 
puters such as the Apple II can access the large 
computers used by EDUNET suppliers. 

EDUCOM CoDBulting Group. EDUCOM Con- 
sulting Group was formed in 1972 as a source of 
iiApartial advice on the use of computing and in- 
formation technology in higher education. Con- 
sulting is available in four areas: 

1. Ostein Performance Evaluation. 

2. Strategic Resburce Planning. 

3. Organization Planning. 

4. Management Systems Implementation. 

In 1978, with a grant from Eli Lilly, & Co., 
EDUCOM built the EDUCOM Financial Planning 
Model (EFPM). Users can build and operate 
budget models through a question-and-answer 
routine that requires no computer sophistication; 
access is via the EDUNET dial-in network. 

EFPM now resides on a Cornell Univeriaity com- 
puter. It is used by over 120 institutions. As of 
Augusti4981, it cost $2,000 per year ($1,750 for 
EDUNET members), plus $2,250 "startup con- 
sulting ($2,000 for EDUCOM members), and from 
$8 to $20 per terminal hour. It is supported by user 
fees and grants. EDUCOM supports an EFPM 
Users' Group through a monthly newsletter and 
periodic meetings. Recent applications have be^n 
made in foreign higher education, in noneduca- 
tional settings (the New York Public Library), and 
in the development of linkages for access by mi- 
crocomputer. 

Research and Development. Previous studies 
have addressed EFPM (described above), com- 
puting in small colleges, and the role of technology 
in library resource sharing. Of special interest is 
a 2-year study, completed m April 1981 for NSF, 
to identify factors affecting individual and institu- 
tional sharing of computer-based resources. 

Budgets and Financins 

The financing of EDUCOM is like that of other 
typical regional service organizations (RSOs). 



The typical RSO fimctionfl on a very tiglit budget 
with vitliaUy no discretionary funds, and sonlie pro- 
portion of continuing income derived from exter- 
nal funding agencies. With a tight budget, a small 
staff, and high rdiance on volunteer efforts, the 
typical RSO is in a precarious financial situation. 
In order to offset financial instability, most RSOs 
rely on a mixture of revenue that includes member- 
ship fees and fees-for-service, as well as external 
funding.^ 

EDUCOM was incorporated with $1,000 pri- 
vately donated by five faculty from five different 
medical schools. No public moneys were involved. 
It operated entirely on the basis of membership 
dues, fees for service, and volunteeri^m until 1972. 
Then, in the early 1970's, NSF sponsored three 
seminiars and the development of a network simu- 
lation model. This led to the establishment of the 
Plaiming Council on, Computing Education and 
Research. The council's activities were funded by 
grants from 20 EDUCOM institutions, with 
matching grants from the Ford, Carnegie, a^d 
Exxon Foiindations. This funding was restricted 
to special activities and did not support day-to<lay 
computing. In 1979, the council disbanded with 
the launching of EDUNET. ' 

Additional funds have been granted by the Lilly 

Foifiidation to develop and maintain EFPM and 
by the Exxon Foundation to support computing 
relating to tfie law. Over the last 10 years, 
EDUCOM's total budget has changed, however, 
from over 50 percent reliance on outside grants to 
less than 10 percent. Membership dues and fees 
for service provide the large majority of its income. ^ 
A tiny fraction is generated by TELENET dis- 
counts Residual requirements are met by the cur- 
rent Lilly grant. 

Future requirements for external support are ex- 
pected to run between $50,000 and $100,000 per 
year. Thus, although EDUCOM has made signifi- 
cant jirogress toward self-sufficiency, its financial 
future is not yet secure. For example, EDUNET 
can balance its books only by drawing on a reserve 
fund established at its inception. 

EDUCOM expects to receive progressively less 
support from the Federal Government, in part 
becayse of current Federal attitudes and in part 
because EDUCOM's own goals rarely match pre- 
cisely the program interests of specffic agencies. 
One successful strategy has been the solicitation 
of matching funds, preferably from private foun* 
dations. This approach assures consensus and 

>D D Mebane, "Coiiu?u<w-BMed ReMurcet Sharing In Higher Edu- . 
cation," EDUCOM BulhtM, vol 16, No. 8. ftU 1981. pp. 27-82. 
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commitment on the part of EDUCOM users, a 
sharing of the financial load, and isomorphism be- 
tween EDUCOM goals and resources. 

Industry-Based Training and 
Education ^Programs 

The following discussions describe applications 
of educational technology in the corporate instruc- 
tional programs of three companies. Examples 
have been drawn from the airline, high technology 
and tobacco products industries. Forms of infor- 
mation technology utilized by these companies in- 
clude computer-assisted instruction (CAI), com- 
puter-managed instruction, computer-based simu- 
lation, video disk and teleconferencing. 

High Tec|inology 

C AI is put to extensive use by a high-technology 
firm with corporate headquarters in the Northeast. 
The company has a large internal education group 
and cm executive team that views training and 
education as an integral part of the product devel- 
opment and manlufacturing process. Management 
instruction, technical training, and customer 
education curricula are develop^ centrally by the 
staff within this unit, but instruction is highly 
decentralized. Field training centers located in 
areas of good market potential, are the sites of 
most training for staff and clients. Computer- 
based instructional packages developed for use at** 
these centers, are often distributed directly to cor- 
porate field offices for initial and refresher staff 
training. 

Over the past few years, the company has ex- 
perienced a severe shortage of coUege^ucated 
generalists, a type of individual it had previously 
recruited to fill field-service engineering positions. 
Formerly, these individuals were given instruction 
in total systems design and, with access to engi- 
neering specifications, were expected to be fairly 
self-sufficielit on field service calls. However, as 
the company's product Une became more and more 
diversified, this approach to training and main- 
tenance became unworkable. 

At about the same time, the problems presented 
by Classroom training on a fixed schedule, plus the 
ever^increasing travel and salary costs incurred 
while staff were receiving instruction, began to 
have impacts. Responding to these conditions, the 
company decided to revamp its recruiting program 
and training syatfiSS/for field-service engineers. A 
job analysis led to the development of three sep- 



arate types of task-related instruction for three 
distinct types of hardware: 

• terminals, 

• small computer systems, and 

• larger computer systems. 

Having made the divisions, it was possible to 
lower educational recruitment criteria far below 
the bachelor's degree level for those to be trained 
to service terminals and small computer systems. 
(This was a major break^lirough^ since the com- 
pany employs some 16,000 field-service engineers 
worldwide.) CAI packages were developed in-house 
to reduce travel and salary expenditures of class- 
room training at the field-education centers. Field- 
diagnostic centers were established as backups to 
the new field-service structure, so that customerd 
could contact experts knowledgeable in hardware 
and software design to diagnose the specific equip- 
ment malfunctions they were experiencing and to 
recommend their remediation. 

This new training and maintenance system is 
pajing off in a number of ways. The CAI system 
has proven to be very cost effective. It has enabled 
managers to weave training into existing work 
schedules, and has been more responsive to in- 
dividual learning requirements. The new fi^d- 
service organization has enabled the firm to over- 
come whcft was a severe personnel shortage and 
. to keep customer service charges to a yninimum. 
However, a technical education representative 
stated that the firm must continue to be aware of 
the limitations of CAl in that . . . people can only 
use a linear system for so long before the learning 
curve is affected; they need contact' with other in- 
dividuals." He urges managers of individual in- 
stallations to use the system with groups of train- 
ees in a classroom setting for maximum effective- 
ness. 

At present, no other forms of information tech- 
nology are us^ in the staff education program. In 
the near future, there are plans to use video disk 
integrated with a microcomputer. Cable television 
and satellite communications may also be used in 
the technical education programs. 

Tobacco Products Co. 

As an outgrowth of technological change, a 
major tobacco products firm has established a imit 
within its information systems group diarged with 
analyzing th^ potential uses of newly available 
technologies in production and support activities 
of the corporation, including training. As a result 
of this program, a project on applications of s}ni- 
thetic speech and voice recognition is under way; 
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Hughes Aircraft Co/s Training and Maintenance 
Information System (TMIS) is being used for the 
first time on a corporate production line; CAI is 
being extensively employed; and, within the next 
few .months, a teleconferencing network will be 
established. 

At one time, TMIS was being used as a train- 
ing and maintenance aid for the U.S. Army's tank 
maintenance technicians. Under contract to the 
Army, Hughes Aircraft had developed the device, 
which consists of a video disk unit integrated with 
a microcomputer. Its cathrode ray tube (CRT) is 
used to present text and digital graphics— often 
simultaneously. After seeing a demonstration of 
the system in the company's corporate training 
center and conducting a formal evaluation of its 
potential in the factory environment, the tobacco 
firm decided to contract with Hughes to develop 
two prototype units to train employees to main- 
tain and repadr cigarette packaging equipment 
(both mechanical and el^tronic maintenance). The 
two devices— approximately 4Vi ft high, 2 ft wide, 
and 2 ft deep— were installed in 1978. 

Initially, the company saw two distinct applica- 
tions for TMIS. They planned to develop a train- 
ing software package for classroom use together 
with one designed to run in the plant on the pro- 
duction line, where several units would be in- 
stalled, to assist maintenance/repair personnel on 
an ongoing basis. They soon discovered that one 
maintenance/repair software package with "im- 
bedded training" would work in both settings, but 
in practice still-motion mode (single frames) would 
be used in the factory. 

An evaluation of the prototype units in the train- 
ing center was conducted in 1 979. The results were 
dramatic in terms of the time and money saved 
as compared with traditional classroom instruc- 
tion. As a result, three devices tljat had been 
specifically constructed foir placement in the in- 
dustrial environment were ordered from Hughes. 
Installation of the prototype in the plant is now 
in progress and will be followed by an evaluation 
of actual production-line use. 

Because of the successful use of TMIS, the com- 
pany is now considering the use of video disk to 
archive office records and to create an electronic 
parts catalog containing simulations of equipment. 
Users would be able to walk around a particular 
item, focus on its component parts, and then- 
using the same system— ascertain the number and 
availability of the part. Recommendations have 
also been made to use video disks for management 
traininjg. 



Many uses of CAI may be observed throughout 
the company. For the past 3 years the company 
has used PLATO basic engineering and computer 
science skills to train factory and office personnel. ^ 
It uses Apple computers to teach task-specific 
skills, such as those entailed in learning machine 
operations, where simulation can be a particular* 
ly useful l€^aming device. Approximately 35 per- 
cent of all training is devoted to the retraining of 
existing personnel, a process necessitated by con- 
tinual modernization and modification of factory 
equipment. 

A considerable amount of new construction and 
expansion of existing plants is now under way, and 
a teleconferencing system designed to link these 
facilities with corporate headquarters is about to 
be installed. The company is already examining 
hpw this technology, although originally designed 
to monitor construction progress, can be applied 
to training. 

Airline Industry 

A major commercial airline has an elaborate 
training development system that consists of: 

• a corporate headquarters-based program for 
sales, instructor, and management training; 

• a corporate headquarters-based computer di- 
vision training activity; 

• a centralized flight training center, located at 
a major airport away from corporate head- 
quarters; and 

• acentralizedmaintenance training center, lo- 
cated at another major airport some distance 
from corporate headquarters. 

Once the design phase is complete, sales, instruc- 
tor, and management training may be delivered 
centrally (corporate headquarters) or at individual 
airports or ticket offices. A CAI group develops 
courses that are then used by airline staff via ex- 
isting terminals to book reservations and related 
activities. Wherever possible, CAI is used for 
"straight knowledge transfer." For example, CAI 
development staff have devised courses on how to 
book reservations, compute fares, and carry out 
other tasks that are necessary in occupations such 
as that of a reservations agent, a passenger serv- 
ice agent, a storekeeper (airline supplies), a flight 
attendant, and airport operations personnel Each 
time the airline's computer division develops a new 
application, lessons are developed centrally, and 
notices of their avdlability are distributed to aU 
airports, ticket offices, and other locatioiiis, where 
management uses them to the extent that they 
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apply to entry-level training and/or instruction of 
existing staff. 

The airline would like to use the PLATO system 
in its management training program, but found it 
too expensive. Uses of satellite technology and 
telecommunications systems have been investi: 
gated, but costs have also precluded their use even 
though, it is recognized that they are cost effective 
in the long run. Video disk technology has not been 
employed, nor are there any plans to use it in the 
future. Video cassettes are frequently used in man- 
agement training to enhance traditional methods 
carrying out role-playing exercises. 

Computer Division Training 

The Deltac self-instructional video-cassette 
system is used by the computer division to pro- 
vide technical training to programers, not fpr ini- 
tial instruction but for professional development 
and upgrading. No other forms of information 
technology are cxirrently being used. 

* FUght Training * 

Many applications of the PLATO system may 
be seen at the airline's Flight Training Center. A 
program for Initial First Officer training has been 
designed and tested, but little or no use has been 
made of it as yet due to current economic condi- 
tions within the industry. The company has also 
used PLATO in pilot training, and is now moving 
ahead with a Boeing 767 pfilot training program 
to be developed entirely on PLATO. For the first 
time, this system will be used in lieu of flight 
simulators. Simulating various types of cockpit 
equipment, PLATO will give 767 pilot trainees a 
way tQ,master these individual systems that is less 
expensive than vising them in combination. Up to 
now, PLATO has only been used to substitute for 
the cockpit procedures trainer, a device that allows 
participants to practice certain processes after 
classroom instruction, but before flight simulator 
training. 

The airline has also been investigating the use 
of video disks in conjunction with PLATO for 
flight training of visual effects and it may incor- 
porate their use into the instructional package by 
the end of this year. Teleconferencing is being used 
to keep 767 course developers in daily contact with 
Boeing Aircraft engineers so that training designs 
may proceed in advance of actual aircraft delivery. 
(The airline also used teleconferencing for Boeing 
747 design conferences.) While there are no plans 
to use satellite technology, a complete video tape 
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production facility has just been installed at the 
Flight Training Center, which the manager of 
flight training hopes to use to develop instruc- 
tional tapes for distribution to field operations at 
airports across the coimtry. 

Maintenance Training Center 

An airline personnel engaged in maintaining air- 
planes and ground equipment either receive in- 
struction at the Mamtenance Training Center or 
are trained by means of video tapes that are pro- 
duced there and then shipped to 66 maintenance 
stations (located at major airports). This is th^e 
third year that the airline has utilized video tape 
in developing maintenance training packages, at 
a rate of about 40 packages per year. 

The manager of Training Support Services 
stated that the bulk of maintenance^ ti'aining is stiH 
carried out in the classroom by an instructor. 
Overhead projectors are used, as are slide-tape 
presentations that are developed by in-house cur- 
riculum specialists. Over the years, the airline has 
developed a number of computerized simulators 
for use in training airplane maintenance person- 
nel, but high cost of simulators cannot be justified 
by the amoimt of use they get prior to delivery of 
a new line of equipment. After the planes are re- 
ceived, there is always sufficient ''groimd time*' 
available for training. 

Computer graphics are being investigated, since 
engineering drawings produced in the design 
phase are made available by airplane manufac- 
turers on magnetic tape and their volume makes 
the use of maniials very difficult. However, cost 
may turn out to be the key obstacle here. The use 
of video disk technology has also been explored, 
but the manager of IVaining Support Servicea 
foimd it to be . . . too costly to make that first 
disk . . . since his distribution network consists 
of only 66 maintenance stations. The cost of con- 
verting video tape to video disk is also a major pro; 
hibiting factor. 

Information Technology 
and Libraries 

The library— an institution that acquires, man- 
ages, and disseminates information— both pro- 
vides educational services and serves as an educa- 
tional resource. Information technologies offer li- 
braries unique opportunities and capabilities for 
enhandrig their current services and for extending 
them to new areas— particularly if, 'The task of 
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the library ia to consider itself an institution for 
allowing people to utilize information."* Conse- 
quently, the advent of the information revolution 
could alter both the way libraries operate and their 
role in society. 

Findings 

• Information technology has changed the oper- 
ation and user information programs of public, 
special, and academic libraries. 

• Utilizing information technologies for opera- 
tional programs can make libraries more produc- 
tive and efficient and allow them to devote more 
resources to other programs— e.g., user services. 

• Information technologies permit a library 
(sometimes called an information center) to 
greatly expand its resources. Networks, on-line 
information services, and cable services permit 
the sharing of materials and provide access to 
information in a way that was not previously 
possible. 

• Libraries may be the only way that certain 
members of society can gain access to informa- 
tion technologies and to the information that 
these technologies provide. 

• Libraries that fail to adopt these new technol- 
ogies for information services many risk be- 
coming irrelevant. 

Libraries and Information 
Technologies 

Use of information and communication technol- 
ogies has affected all aspects of library services. 
Software is now commercially available for practi- 
cally all aspects of library operations: circulation, 
inventory, acquisitions, periodicals, cataloging, 
and reserves. The use of the technologies for infor- 
matioD user services has restilted in the f (wrmation 
of library networks and in the ability to access na- 
tional data bases, thus allowing faster and more 
efficient access to information. 

Programs oriented both to operation of the li- 
brary and to user needs are critical for fulfilling 
a library's mission. For instance, an on-line acqmsi- 
tion system can reduce the ordering and receiving 
time ior a new library purchase, thus providing 
patrons with the desired material in a shorter time. 
Circulation, cataloging, and other automated li- 
brary systems offer similar benefits. One example 
of a commercially available system for library 

>M Turoff and M. Sp«;tor. **Ubrtri«« «nd th« ImpUcation* of Com- 
puUr T^chnolofy." proc««iin«t of th« AFIP8 National CompuUr Con- 
fmica, voL 46. 1976. 
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operations iQ the Automated Library Information 
System. Tliis system can support many of the 
operational procedures in a library and is fully 
integrated.^ Its many uses range from charge and 
discharge functions to cataloging and the mainte- 
nance of master holdings. 

Networks 

Two or more libraries may form communication 
networks -utilizing information technologies to 
enhance the exchange of materials, information, 
or similar services. The formation of local, regional, 
and national networks has steady significantly al- 
tered the operation of libraries. 

The IRVING Network. When fully operational, 
the IRVING network in the Denver-Boulder, 
Colo., area will use communications technologies 
to link the library systems of Aim)ra, Boulder, Lit- 
tleton, Denver, and Jefferson County in order to 
enhance their current capabilities. Each of the li- 
brary systems employs different automated sys- 
tems and in some cases different library operations 
proceduirea Coimecting these heterogcftieous data 
bases, this new communication link will allow 
shared cataloging, more efficient interlibrary 
loans, shaml acquisition, enhanced development 
of special collections, circulation within the entire 
system, an electronic message seryiqe, a reference 
information service, access to administrative data, 
and increased access to special doUections (e.g., 
Denver's Western collection and Jefferson Coun- 
ty's Asian collection.) 

To date, no such system*^ exists anjrwhere in the 
United States. This network, designed to expand 
beyond the current five systems to acconmiodate 
up to 30 other libraries, could serve as the founda- 
tion for the larger, automated, statewide network 
now under consideration. 
>The planning for IRVING was made possible 
though a Library Services Construction Act 
(LSC A) grant, and its implementation was funded 
by the Colorado Board of Education. Studies iden- 
tified a distributive configuration as the most ef- 
fective system for transmitting electronic data 
amonk the libraries in an interactive, on-line mode. 
Conventional analog service from Mountain Bell 
was chosen as the transmission media. The distrib- 
utive option will require a smaller investment ini- 
tially than would other alternatives (e.g., the use 
of public packet switching using public networks 
accessed via telephone links). Moreover, software 
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for such a system will be easier to develop and 
maintain. This approach also permits the separa- 
tion of the operation and the control of the net- 
work by allowing each participating library to be 
responsible for the operation of its own system.' 

The CARL Network. Through the Colorado Alli- 
ance of Research Libraries (CARL) network, seven 
research libraries wiU share an on-line public ac- 
cess catalog reflecting the holdings of all institu- 
tions. Six of the CARL members are academic li- 
braries; the seventh is the Denver Public Library, 
which, as members of both IRVING and CARL, 
expands the network. The holdings of these li- 
braries represent 47 percent of the total collections 
and over 90 percent of the unique items in the 
State. Once these holdings are on-line, a user will 
have to search only a single public catalog rather 
than sevea Creating a single on-line catalog for 
these institutions will require modifying many 
operating procedures to comply with common for- 
mats, conmx)n records, and a common data base. 

The University of Colorado at Boulder, the Colo- 
rado State University, the University of Northern 
Colorado, the Cok>rado School of Mines, the Aur- 
aria Complex, the University of Denver, and the 
Denver Public Library have established a nonprof- 
it organization to create this new research resource 
within the State. 

As in the IRVING Project, LSCA funds were 
used for the initial planning efforts. Currently, 
moneys from the seven institutions; DataPhase 
Systems, Inc.; and Tandem are being used to com- 
plete the project. Two-thirds of CARL is now com- 
plete. Testing will begin by the summer of 1982; 
implementation is scheduled for the following fall. 
Once the public-access on-line catalog is in opera- 
tion, member libraries intend to investigate elec- 
tronic delivery of materials between their institu- 
tions.' 

The OCLC Network. On-line College Library 
Center (OCLC) network is an example of a major 
coipputer-based cooperative network that is em- 
ployed by all types of libraries nationally and in- 
ternationally. The OCLC network allows libraries 
to acquire and catalog materials, order custom- 
printed catalog cfilrds, initiate interlibrary loans, 
and locate materials in member libraries (2,600) 
and more. Through dedicated, leased telephone 
lines, members access OCLC services on specially 
designed terminals, through dial- access terminals 
utilizing tHe TYMNET teleconmiunications net- 



's. Hartixuui. IRVfNO Coordinator, Boulder Public Library, Boulder, 
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work, or by direct dial. The OCLC On-line Union 
Catalog contains over 7.4 million bibliographic 
. records in MARC (Machine Readable Cataloging 
Format). If a library identifies an item of interest, 
OCLC produces- presorted catalog cards. Also 
available are accession lists of newly cataloged 
materials for microform catalogs, circulation 
records, and selected dissemination of information 
(SDI).* 

On*line Information Services. The intreasing in- 
ventory of literature and information is making it 
almost impossible for a user to keep up, let alone 
to catch up. An example of the explosive rate of 
information growth can be seen in the areas of 
chemistry and chemical eng^eering, where the 
rate of liter^ature growth can be tracked by the 
number of papers abstracted in the publication. 
Chemical Abstracts. For the 10-year period from 
1961 through 1970, the rate of increase was 8.4 
percent; during the 5-year period from 1971 
through 1976 it more than doubled, to 16.9 per- 
cent. The recent increase has been even more dra- 
matic— 4.6 percent annually from 1976 through 
1980.^ This rapid expansion of infommtion has also 
taken place in many other fields, such as medicine, 
law, and computer science^ 

On-line services such as national bibliographic 
data bases ^e.g., DIALOG and BRS)— which are 
computerized retrieval systems covering a wide ar- 
ray of continually expanded subject areas— "will 
make it possible for libraries to offer their patrons 
rapid access to a variety of information sources at 
relatively low cost. For example, PATSEARCH/ 
Video PATSEARCH, contains information on 
800,000 patents heretofore available only in the 
U.S. Patent and Trademark Office files in Wash- 
ington, D.C., on microfilm, or piecemeal through 
other data bases. The advantages of on-line serv- 
ices are listed in table A-3. 

Maggie's Place: Pikes Peak Regional Library 
District. On-line community information and refer- 
ral programs are being explored and instituted by 
some libraries as a concomitant of their access to 
national information sources and the resources of 
other libraries and information services. The Pikes 
Peak Re^onal Library District in Colorado, for ex- 
ample, has developed Maggie's Place, a communi- 
ty information resource, which consists of comput- 
erized local and regional information of interest to 
its patrons. Users can access on-line all of the ca- 
reer and recreational adult educational courses 

*SDI U the selaction and diaaemination of information of specific in* 
tereat to a library patron. 

'D. B. Baker, "Recent Trends in Chemical Literature Growth/' CAE 
News 69<22):29, June 1. 1981. 
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Wabto A-3.-^Advanta««t off Oh-LiM Strvlcas 



Advantagas of on-line sen/ices: 

• Produce results very quickly 
Are cost effective 

• Can be usad fpr most types /5f searchers 

• Can search fields (or data categories) for which there Is 
no printed lnd#X 

• Have the capability for searching very complex and 
elaborate strategies 

• Offer the opportunity for Increasing completeness of 
coverage through searching of multiple sources 

• May contain information more current than available in 
the corresponding printed index 

• Can be easily updated on demand or at regular Intervals 

• Permit any amount of strategy broadening, narrowing, 
or changing ^ 

• Causes less fatigue per search and reduces searcher s 
errors 

• Require very little space for operation 

• Save staff time 

• Some kinds of data are retrievable only on a computer 
system 

• Many more types of Information can be searched on«llne 
than in a manual system 

• Material can be ordered with a simple command and 
charged to an account— a copy on demand service 

SOURCE: Offlc» of Ttchnoloov A»»«i»m»nt 

available in the region through this program. Simi- 
larly, information is available about day-care cen- 
ters, clubs and other community organizations, 
social services, and a matching carpool data base. 
The files are available both in the library and to 
approximately 500 members of the community 
and businesses with access to terminals. 

Programs developed and in use at Maggie's 
Place include those for library resources, network- 
ing, and community resources. The library re- 
source files are automated programs that relate to 
the operational needs of the library such as circula- 
tion, reserves, and acquisitions. Networking fUes 
give the user access to State and national informa- 
tion resources, such as DIALOG, BRS, ORBIT, 
RLIN, GIB. COCIS, and The Source.* The commu- 
nity resource filc^« contain on-line information of 
interest to members of the Colorado Springs com- 
munity. Currently, they include five files: calendar, 
day care, clubs, courses, and carpool. AU of these 
are available for use in the library or in homes or 
businesses^ via tdephone lines.* 

Maggie's Place, compared with other public li- 
braries, has a number of unique features. First, the 
amount of automation is unusual. A substantial 

•DIALOG: LockhMd MImUm and Spm Co.. Inc; BRS: Bibliogr«pWc 
lUtrkval Stn/icm, Inc; ORBIT: SyiUtn D«vdU)pm«iit CorpA COCIS: 
Colorado Cu^m and Occupational Information SyuUam RLIN: 
RMaarch Ubrariaa InfonnaUon Natwork; CIS: Time Shara Corp. 

•K. Dowlin. DkwAor. Pikaa Paak Rational Uhrary Dlatrict. Fabniary 
1082. 



investment has been made by the library district 
for this effort (ahnost $40p,000 since 1976). Yet, 
despite the initial large investment, savings have 
been high— over $500,000. Second, the community 
resource files are the only such files in the Nation. 
Beneficial to librarian and user alike, they are a 
central and easily accessible source of the kind of 
information frequently requested. They demon- 
strate that informatioA technology can assist both 
the operational needs of the library and the re- 
source needs of the patrons. 

Third, by making the library's programs accessi- 
ble to outside users (over 500 jffesently), the li- 
brary has expanded its capabilities for community 
use and utilized the information technology to its 
best advantage. And last, through the use of the 
technology, Maggie's Place offers all users access 
to information resources. 

Microcomputers in thcf^Ubrary. Many libraries 
are considering installing a microcomputer on a 
coin*operated basis. Recently, several firms have 
begun to actively market such services to public 
libraries across the country. For example, in a con- 
tractual arrangement with Copy Systems, Inc., 
and CompuVend, a TRS-80 was installed in the 
Tredyffrin Public Library near Philadelphia- The 
computer is available for patron use at a cost of 
$0.50 per 15 minutes. The company is responsible 
for the operation and the maintenance of the equip- 
ment and has provided 24 Radio Shack program 
tapes, manuals, and workbooks on BASIC lan- 
guage and programing. 

Library patrons may use the terminal for home- 
work, statistical manipulation, learning how to 
program, jiaying games, and work. Children and 
teenagers c^pear to be the predominant users (66 
percent), although this is expected to change in the 
near future Average use of the microcomputer has 
been 2 to 4 hours per day, 7 days a week. Based 
on such community response, a computer with a 
larger capacity will be installed shortly. The new 
system will provide access to The Source and wiD 
attempt to satisfy the computing capacity require- 
ments of the local business conmiunity. New pro- 
gram tapes such as Visicalc will be supplied. 

With this arrangement the library uses the tech- 
nology as an informational and educational re- 
source. In addition, the library makes it possible 
for all those who do not have access to this tech- 
nology in their homes or in their businesses to be- 
come familiar with computers |md to have access 
to the valuable information resources they pro- 
vide. The library also benefits in a number of ways: 
limited staff time is involved; the library is not 
responsible for operation and maintenance of the 
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equipment; no financial burden is placed on the 
library (e.g., purchase of the equipm^t); the equip- 
ment will be updated to reflect changes in the tech- 
' nology and to reflect market needs in the commu- 
nity; step-by-step instructions allow the user to 
use the microcomputer with little, if any, assist- 
ance from a professional; and, thus, no ejitra staff 
training is necessary. 

Other examples of microcomputer use include 
the following: 

• The Clinton-Essex-Pranklin Library System 
in upstate New Ydrk has tnstalle4 a micro- 
conqiuter for use by patrons. The decision was 
prompted by concern on the part of the librar- 
ian that patrons, particularly cl\ildren, were 
neither familiar with computers nor had ac- 
cess to the technology. Althou^ the micro- 
computer was installed in the Children's 
Room, it is available to adults as well. Volun- 
teers have been teaching computer program- 
ing, and librarians believe that, based on its 
usage, the overall prograiii is an overwhelm- 
ing success. 

• A cooperative effort has been initiated be- 
tween the San Bernardino City School Dis- 
trict, Calif., and the i)ublic library to assist 
students in preparing for proficiency tests. 
Microcomputers in three of the city's library 
branches provide CAI in mathematics and in 
the language arts. A queuing system allows 
high school students to be first-priority users 
through June 30, 1982. Other library patr6ns 
have access to the terminals that are not be- 
ing used by students. 

• The public library in Providence, R.I., has in- 
staUed INFORM, a system whose uses range 
from bibliographic instruction to the use of 
audiovisual equipment. INFORM is regarded 
as an on-line library guide or handbook that 
also includes updated information on commu- 
nity events and agencies. Its touch-sensitive 
terminals are available with graphic and tex- 
tual capabilities. 

• Groups of school librarians in the St. Louis, 
Mo., area have developed a series of self- 
instructional programs for the Apple II that 
are user guides for periodical indexes and 
almanacs, BMrtJett's Fami/iar Quotations, 
Current Biography, an^" poetry indexes. The 
programs are aimed at the secondary school 
to adult levels. 

• The St. Luke's Hospital Health Sciences Li- 
brary in Missouri has instituted a wide range 
of programs on an Apple II Plus computer. 



Current programs include, among others: rec- 
ordkeeping and reporting for nurses, continu- 
ing education classes, an ''intelligent" termi- 
nal for on-line searching, nutritional assess- 
ment of intensive-care newborns, audiovisual 
inventory listing, and the logging and analy- 
sis of on-line searching records. ( 
The provision of such services raises new ques- 
< tions for participating libraries. Where should the 
terminals be located. Should provisions be made 
for privacy? What tyjie, if any, of collection devel- 
opment should the library engage in? Should the 
library sell disks for patron use? Should there be 
a scheduling or reservation system or should pa- 
trons use the computer on a first^come first^served 
basis? 

Cable Services and Video FacOitiea. With the ex- 
pansion of cable franchises nationwide, an increas- 
ing number of libraries are exploring the potential 
of cable for delivering library services. Many li- 
braries have empk)yed video capabilities for years, 
but the addition of cable services in a conununity 
has expanded the library's resource base. The 
most extensive users of cable and video are junior 
and conununity colleges and public libraries. The 
former rely on cable services as a means of deliv- 
ery, production, and housing of course materials; 
and the latter, for expanding the library's role as 
a community information resource center. 

Generally, junior and commimity colleges, be- 
cause they are relative newcomers to the academic 
scene, are most actively involved in video pro- 
graming and cable services. Many colleges fson- 
structed during the 1960's and early 1970's incor- 
porated video capabilities in their library facility 
or plan. Older research institutions and libraries, 
on the other hand, generally cannot afford to in- 
vest in video facilities nor to adopt their durrent 
structures to include such facilities. 

The Division of Learning Resources at the 
Greenfield Community College in Massachusetts 
is an exanr^le of a community college library that 
has integrated video capabiUtiea with local cable 
services. The library houses both commercially 
available video tapes and faculty/student-pro- 
duced products. Students in conjuncticm with the 
Learning Resources Center and the local cable 
franchise produce weekly cablecasts for the com- 
munity. 

The Monroe County Public Library in Bloomings 
ton, Ind., is an example of a local public library 
actively involved in all aspects of cable and video 
services. The library has cablecast 3,000 to 4,000 
programs a year (or 60 to 64 hours of programing 
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per week) to the oommunity on Community Access 
Channel Three, Half of the local subscribers 
(90.000) watch programs on Channel Three. Also 
38 percent of the subscribers noted that local pro- 
graming was a primary reason for initiating cable 
services. 

A wide range of programs are offered and pro- 
duced by the library. Some programs, such as 
" Kids Alive. ' ' are produced by children with assist- ^ 
ance from the library staff. Local teachers, trained 
by library staff, allow the equipment to be used 
for many school activities. City council meetings 
are regularly cablecast; and special-issue pro- 
grams, about housing and the elderly, for exam- 
ple^ are presented 

Because of its active involvement in cablecast- 
ing, the Ubrary and Channel Three have been 
asked to participate in the refranchisement proc- 
ess. Library involvement in this process is com- 
mon and occurs frequently. In fact, in franchise 
proposals library n^s and desires are solicited 
by the bidders. Some of the programs developed 
at Maggie's Place will be used at other libraries 
as a result of cable awards. 

Implications of Library technology. Approxi- 
mately 10 percent of the libraries of the United 
States have some form of automated capabilities, 
and an increasing number of libraries are explor- 
ing the possibilities of these technologies. On-line 
information retrieval services and provision of in- 
formation technologies enhance the traditional 
services provided by libraries 1)ut also raise impor- 
tant questions of cost. For example, can a library 
afford to run searches for pAtrons on DIALOG 
free of charge? Can it afford to use these national 
bibliographic data bases, which require trained 
searchers, and entail cost ranging from $10 to $150 
per hour? Such costs place an added financial bur- 
den on public as well as on academic and special 
libraries. For some libraries faced with reduced 
funding from State. Federal, and local sources, the 
price of the technology may be particularly bur- 
densome. However, by not providing these serv- 
ices, libraries may prevent people from finding and 
utilizing the information, a situation contrary to 
the tra^tional role of libraries in society. (Further- 
more, it has been suggested that when libraries 
provide these services and develop community re- 
source files they become competitive with private 
information vendors.) 

Such concerns are particularly relevant to a re- 
consideration of the role of public libraries in an 
information society. At present, libraries provide 
access to information and knowledge to all users 



free of charge, but it is questionable whether they^ 
will be able to continue to do so. One role proposed 
for Ubraries incorpwates and reflects societal 
change. This role would entail: 

• providing access to complicated or seldom 
used data bases; 

• providing community conferencing and mes- 
sage center programs; 

• providing onJine access to information or li- 
brary resources; , 

• providing access to conununity data and com- 
munity information locations for referrals; 

• • providing access to resources in other libraries 
'via networking; 

• providing access to high-demand information 
^ and materials via computer or video disks;^ 

and 

• providing access to electronic resources for 
those who cannot afford home computers or 
terminals.^ 

c 

Museums 

Findings 

• More and more museums are incorporating in- 
formation technology, partioUarly computers, 
into both their exhibits and their educational 
programs. The technology is used for operation- 
al purposes and to provide computer literacy 
and related courses. 

• Theintroductionof the technology to museums 
is altering the role of these institutions. This 
change is especially evident in the recent estab- 
lishment and success of childrens' museums 

, across the country. 

Museums, like libraries, provide important edu- 
cational services. Since the estabUshment of the 
first public museum in 1743, museums have ex- 
erted a strong influence on U.S. culture. They func- 
tion as repositories for conserving the world's cul- 
ture and for relaying it to present and future gen- 
erations. 

Beyond the ovei*all educational nature of their 
exhibits, most museums conduct and provide addi- 
tional educational services. Recently, more and 
« more have incorpor^ated information technology, 
particularly computers, into both their exhibits 
and then- educational programs. They are used 
generally for operational purposes and to provide 
computer literacy and related courses. The delay 
in acquiring information technology until only re- 

Ubid. 
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cently, has been primarily due to the fiscal con- 
straints common to most museums, which operate 
on a limited budget and depend on donations that 
can fluctuate from year to year.* 

The Use of Computers 

Computers are generally used for four purpoi^s: 
for interactive exhibit devices, for exhibit control, 
^for adminiatration, and for education programs. 
All have educational applications. 

Intenurtive EbchiUt Eievicea. Museums use com- 
puters and related technologies to increase the at- 
tention spaix and alter the traditional experience 
of the typical patron. It is possible, for example, 
to increase a viewer's attention span froin 10 sec- 
onds to 3 to 10 minutes, a significant improvement 
that has enormous in^)lications for how a museum 
can present information. Examples of exhibits 
range from instruction on how to use a computer 
to using a computer to calculate quickly the nutri- 
tional value of a meal^ Simulation program^ are 
widely' utilized, although these are also the most 
difficult to create. 

Incorporating compiTters into an exhibit pre- 
sents some special problems not generally encoun- 
tered with other media. The Exhibits must be ap- 
pealing in order to attract users, but the programs 
must be relatively simple, since most users are un- 
familiar with the technology. Furthermore, such 
programs must be able to contend with repeated 
mistakes, constant use, and even abandonment by 
the patron.' Thus, developing programs suitable 
for a museum environment involves considerable 
skill. 

ExhiUi ControL The control of exhibits by com- 
puters has a number of advantages: 1) cost and 
maintenance are reduced because of fewer compo- 
nents; 2) additional features can be added at mini- 
mum cost; 3) control devices can be standardized 
from exhibit to exhibit; 4) the potential exists to 
customize a patron's experience; and 6) computers 
permit greater flexibility in altering an exhibit at 
relatively low cost.' 

Adminiatratlye Uaea. Computers are largely 
used for such swidard purposes as word process- 
ing, accounting, updating mailing lists, record- 
keeping, coUection management, and inventory. 



'R. King. Dlrtctor d Exhibit*, Bo«ton MuMum of SdeAcc, February 
1M2. 

'D^Taylar and D RImm («U.). Sunmy of Compute Vam in Scieocm- 
TKhookgy MumutoM (Washinfton. D C.: Aaaodation of Sdence^Tech 
oolofy Cmtan. 1961). 

'Ibid 



Education Uses. During the past 10 years sever- 
al museums have introduced computer literacy 
programs and computer labs. Offering these 
courses is a natural extension of previous and 
ongoing educational activities within museums. 
And, as with libraries, the availability of such pro- 
grams makes it possible for users to become ac- 
quainted with this technology in a nonthreaten- 
ing environment in which there is no pressure to . 
succeed or fail.^ 

1j|he Hands-Oii Approach 

The Lawrence Hall of Sdence. In general, mus^ 
urns that provide programs in computer literacy 
have adopted a hands-on philosophy. This princi- 
ple was first initiated at the Lawrence HaU of Sci- 
ence in Berkeley, Calif., in 1972, when an exhibit 
entitled "Creative Play With Computers'' was in- 
troduced. The exhibit used the imiversity's time- 
sharing system and teletypes. Since then, this pro- 
gram has been expanded to include a conqiuter lab-* 
oratory, and computer technology is used exten- 
sively throughout the exhibits. The computer lab- 
oratory has 30 microcomputers that can be used 
for computer literacy programs or individual pro* 
^ ^^.eimmg by anyone 8 yeisirs or older. The Hall of 
Sdenbe^atB(rt>perat;§s the Science Shuttle, which 
transports microcon4)uters to local schools for 
computer literacy and related classes. The Sdence 
Shuttle has greatlv increased the access to com- 
puter technology by local school-age children. 
^ The Capitol Children's Museum. Newly estab- 
lished in Washington, D.C., the Capitol Children's 
Museum is a learning center with a strong empha- 
sis on communication. The most recent addition 
to the facility, the copununications wing, traces 
the growth and development of communication 
throughout human history. Like the Lawrence 
Hall of Science the museum uses the hands-on ap- 
proach in all of its exhibits. Similarly, the muse- 
um has a computer classroom, the Future Center, 
with 20 microcomputers. 

A visit^M- to the museum's communications wing 
is introduced to communication throu^ a sound 
and li^t show held in a model of a 30,000-year-old 
cave. The cave depicts the earlieaft type of commu- 
nicaticm: drawings of man's experience with^unt- 
ing and tools. Further developments in the iforms 
and means of communication are shown through 
a wide range of exhibits: torches used by the 
Greeks to relay mes^iages, drums used by African 
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tribes to relay messages via different sound pat- 
terns, and a variety of written forms— alphabets 
and hieroglyphica. In addition, other ways to com- 
municate such as Braille, Morse code, pig latm, 
and sign language are shown. Many of the more 
recent types are demonstrated by means of video 
tape players or microcomputers. 

The wing also contains telecommunication de- 
vices. For instance, there is a fully equipped radio 
studio available for use where children can produce 
and tape messages for their own use. There are 
futfire plans for a con^)arably equipped television 
studio. Also, there is a scale model of a satellite 
dish inside the mdseum that repUcates the muse- 
um's communication satellite dish which can re- 
ceive up to 40 cable channels.* 

The Future Center is «i classroom equipped with 
20 Atari 800 microcomputers complete with print- 
ers, disk drives, and color monitors. Its purpose 
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is to introduce new users to microcomputers and 
to allow previous users access to the technology. 
The center thus makes available to everyone both 
the technology and the skills and information it 
provides. The courses offered range from those 
designed to assist teachers who are unfamiliar 
with the technology to become computer-literj^te 
to those to introduce children to the technology. 
Schools that do not have microcomputers can 
schedule class visits on a regular basis. 

The courseware are combinations of programs 
developed by the museum staff and software do- 
nated by Atari. For example, PAINT, a software 
and book package, aUows the user tb create paint* 
ings on the Atari, while using a variety of learn- 
ing skills as well as learning about and exploring 
the microcomputer. For more experienced users 
there are courses in programing BASIC. Because 
obtaining quality software is a major problem, the 
staff of the museum is actively engaged in design- 
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ing and developing software for the Futui^e Ceit,^ 
ter's constantly growing and enthusiastic di^nte^. 

As a nonprofit institution, the Capitol Chil^r^'s 
Museum relies on corporate donations and grcmts 
to continue its operations and to develop new ex- 
hibits and educational services. The majority of 
the museum's equipment has been donated by pri- 
vate companies; e.g., thd satellite dish by Scien- 
tific Atlanta, the microcomputers from Atari, and 
a PDP 11/70 and supporting hardware (printer, 
t video terminal, and disk pack) from the Digital 
Equipment Corp. (DEC), to name just a few. 

The recent ^ft of a minicomputer by DEC repre- 
sents a significant contribution to current museum 
services, but more importantly to future potcmtial. 
Once operational, the PDP 1 1/70 will be able to in- 
terconnect all of the museum's exhibit^, theteby 
increasing the control over their use. It will ti^Bo 
provide an internal tracking and information sVs- 
tem of exhibit users— how many visitors utilise 
what exhibit for how long, and so forth. \ 

In the long term, the computer will be the basii| 
for Kid Net, a time-sharing system that will bc^ 
both an internal and external network. Internally, 
the system will facilitate such activities as elec- \ 
tronic mail, games, and demonstrationa External- 
ly, the network will be connected with other Wash- 
ington-based institutions such as local schools and 
Congress and will possibly, tie in with other 
childrra's museums such as the one in Boston. 
Other long-term possibilities include a national 
electronic newsletter/ 

The Use of Video Disks 

Several museums are experimenting with video 
disks for storing and preserving collections. Be- 
cause they are both very new and very costly, few 
museums, have employed this technology. How- 
ever, the video disk's features make it uniquely 
suited for collection management: large amounts 
of material can be sorted; materials don't 
deteriorate; researchers are not dependent on 
original materials; and the content of a museum's 
collection of photos, slides, or art can be sent for 
viewing to other institutions around the world. 

The Smithsonian Museum of American History 
is placing some of its collection of (30,000 to 
38,000) sUdes and photographs on a video disk. 
This measure will ensure the life of this combina- 
tion of materials since most of it is fragile and sub- 
ject to damage from repeated use.^ In a similar 

•Ibid 
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May 1982 



project, the National Air and Space Museimi is 
placing some of its photograph collection on video 
disks and interfacing the diifks with the museum's 
computer. The museum also has an interactive 
video disk which allows patrons to design an 
aircraft." 

The Natk>nal Park Service (NPS) of the Depart- 
ment of the Interior also uses video disk technol- 
ogy. NPS originally used video tape players at 
many of its visitor centers. However, the initial 
high cost of purchasing the equipment, plus the 
high rate of failure, maintenance costs, and tape 
breakage, led to initiating trials of video disk tech- 
nology. Several video tape play^s have since been 
replaced by video disks. NPS is also considering 
video disks for use in coDection management for 
reasons similar to those of the Smithsonian Ameri- 
can History Museum. If collection management of 
selected projects at NPS is implemented, the disk 
would provide access to a variety of educational 
materials. 

Military Uses of Information 
Technology 

Findings 

• All branches of the military have made substan- 
tial investments in research and development 
(R&D) on applications of information technol- 
ogy to education. 

• The Department of Defense will likely be the 
only Federal agency likely to make major in- 
vestments in R&D projects with educational ap- 
plications. 

• Educational uses of information technology 
have focused on two areas: training and basic 
skills. 

• The need for a very large investment in basic 
skills training by the military, $56 million in 
1979. is an indication to some that the public 
schools are not providing an adequate educa- 
tion. 

• Many of the projects initiated by the anHed 
services could be transferable to the civilian sec- 
tor, although there may be barriers to transfer. 
Considering the lar^e investment made by the 
armed forces in information technology R&D, 
it would be useful to establish a mechanism 
whereby potentially transferable projects could 
be identified and barriers to transfer removed. 



*H Ouno. Chiaf. Audio- VUual Syatanu. National Air and Spaca 
Musmim. Smithaonian Inatitution. May 2fl. 19^2. 
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The military has been a leader in the develop- 
ment and use of instructional delivery systems 
having used high technology for many years. Its 
great need for technical skill training, together 
with the critical nature of its national security mis- 
^jlfon and its nonprofit orientation, has led to a 
training technology revolution and a good market 
for stateof-the-art technology in military educa- 
tion and training. 

Interested in new methods of training that im- 
prove efficiency, reduce training costs, and in- 
crease the effectiveness of training, the military 
has turned to information technology for solutions 
to some of its educational and training problems. 
The armed services need people in operational as- 
signments. By advancing and applying state-of- 
the-art technology in training, they hope to turn 
out quality individuals sooner for operational job 
assignments. 

In addition to supporting improved general and 
specific military skill training, the armed services 
also support basic skills training. Military jobs de- 
mand basic skills equal to or greater than those 
of civilian jobs.* Many cutrent recruits lack com- 
petency in basic skills, a situation that has impor- 
tant implications for the operation of sophisticated 
technology and that has led to plans to increase, 
improve, and automate technology training pro- 
grams. Anticipated manpower shortages undoubt- 
edly will necessitate the enlistment and subse- 
quent training of individuals of less aptitude, thus 
pladng even greater emphasis on programs for in- 
struction in basic skills. 

•O. audit Bmk 8kSM DpIwm (Aimadria, Va.; Human Bmtmcm 
nmirrh OrfsalMUon. Pinal Draft Raport. Sovmnbrn IMI). 



As the largest education and training institution 
in the Natk>n, the military constitutes a large and 
viable maricet for training equipment, programs, 
and services. In fiscal year 1982, for example, up- 
proximately *10.5 billion will be spent on individ- 
ual training. The training of individual^officers and 
enlistees is differentiated £rOm the training of oper- 
ational combat units, and individual training can 
be broken down into a number of categories. In- 
doctrination and basic training for approximate- 
ly 338,000 students will cost 1822 million, while 
approximately 709,000 students will receive spe- 
cialized skill training for military jobs at a cost of 
S2.4 billioa' (See table A-4.) In fiscal year 1982, 
approximately 236,600 student man-years will be 
spent at training schools. 

The Department of Defense (DOD) now spends 
about 1267 million for R&D on training and per- 
sonnel systems technology, with 1181 million or 
68 percent of this for R&D on simulation and train- 
ing devices and education and training.' (See table 
A-5.) The three service laboratories primarily re- 
sponsible for military education and training re- 
search are: The Army Research Institute for the 
Behaviorial and Social Sciences (ARI);.the Navy 
Personnel Research and Development Center 
(NPRDC); and the Air Force Human Resources 
Laboratory (AFHRL). The number of instructional 
technology R&D work units by major categories 
in operation as of April 1981 is estimated in table 
A-6. While all of the categories listed receive ongo- 



>J. Orlanaky, "IWlmkiuaa for tha MwkaUni of ItaD ProducU In 
Tralninf ." papar praantad at tha Sodaty for AfipUad Uarnlnf Tteh* 
nology. WarrantoD, Va.. Fabruary 19S1. 
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JM9 Number of StiMtonts and Cost of Vartous Typaa 
of I^Mdual Training, Flacal Yaar 1062 



Typa of training 

Racruit 

Ona-ttation unit training (Army) 

Officar acquisition 

Spaciallzad skiii 

Fiight training (basic fiying skiiis) . . . 

ProfaasionaJ davaio'pmant aducation 
(a.g., military scianca, anglnaaring, 
managamant) ^ 

Madicai training 

Support, managamant, travsl, pay . . . 



Numbar of sjiudants 
in thousands 



Approximata 
Coat in in thousands 
millions par study 



338 
104 
16 
709 
6 



32 



$822 
322 
313 
2,382 
1.458 




$2.4K 

3.1 
10.4. 
' 3.4* 
229,7 



10.2 



SOUflCE Miiitvy MMpow«r Training R«port for FItcal Yav t9& 



Tabia Coal of RAD In Training and 

Paraonnal Syatama Tachnology, 
In Thouaanda of Dollara, Flacal Yaar 1082 



Human factorv 

Simulation and training davlpai 
Education and training 
Manpowar and paraonnal 

Totals 



Army Navy 

$17 8~$ uTi 
242 107 1 
134 118 
00 190 

184 2 $1^ 0 



Air Forca 

Tr4T^ 

175 
08 

12.0 



Total 
$48 1 
148 9 

31 8 
400 



iSO 8 1288 8 

SOURCE J Orlantliy. "Tachniquai for tha lylarltating of RftD ProOuctt In Train 
ing. {>ap«r prvaantad at tfia Soctaty for Apptiad Laaming Tachnology 
Wvranton. Va ftymarf iWt 



Tabia A-6.— Numbar of Ongoing Inalructlonal 
Tachnology RAD Wortc Unlta By Sarvica and 
Dapartmant of Oafan^a Total* April 1081 



Tachr>ology 



Sarvica ^ 
Army Navy Air Forca Total 



Simulat iorVgamaa 


28 


49 


86 


143 


tnatructional ayitam davalopmant 


51 


59 


25 


135 


Training managamant 


20 


14 


10 


50 


Laarning tr>aory, 


13 


18 


11 


42 


Computar-l>aaad aducation 


13 


18 


e 


38 


Baalc akllli 


2 


4 




8 


Voica tachnology 




3 




3 


VIdao dlik 




2 




2 


Artificial intalllganca 




1 


1 


2 


NOTE lncluak>n of worli until into tha calagoriM in iha labia a 


ra fairly art>ltrary 



and ara baaad on mor^ unit lltlaa Tfia abaduta numbara of motk unlti 
llitad ara appfoximalioni of aarvlca f^AD affont aa of tha data of dlrae 
tory puMlcallon It •bould ba no<ad lfta( thit anumarallon doaa not con 
•Mar atm of Iha wofli untti. only mimttaf of work unit! citad 
SOUPK:e Dtfwctofy of Aaaaarchara for Humtn nm B m m ch and O&vlopmfH Pup/ 
acra (Waahlngtoo^ O C Of flea of Iha Undar Sacratary of Dafanaa. Ra^ 
March m\6 Englnaaring). pp 743 ^ 



ing support, high-technology simulation and the 
devel(q)iiM!nt of instructional sy sterna and capabil- 
ities for more, efficient and effective training ap- 
pear to receive the most emphasis. 

Interservice coordination shows potential for 
minimizing; duplication of research efforts and 
funds. The Office of the Under Secretary of De- 
fense for Research and Engineering is currently 
building a management information system that 
will document aQ of DOD's training research to in- 
clude funding levels. This system, Manpower and 
Training Research Information System (MATRIS), 
will be fed into the Defense Technical Information 
Center (DTIC). 

Comparison of Military and 
Civilian Education 

In considering educational needs, distinctions 
can bo made between the civilian and military edu- 
cation sectors, differences which influence the na- 
ture of education programs introduced. Some of 
the similarities and differences between military 
and civilian education and training are: 
< • The military educates and trains personnel 
within a more restricted age, sex, and range 
of ability; typically, military enlisted trainees 
are 18- to 21-yearold males with a high school 
education. 

• Military personnel are paid their salaries while 
in training. Thus, instructional procedurea 
that reduce trfining time and increase opera- 
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tional assignment time can assist in r^ucing 
'training costs. 

Within the civilian sector, yocational educa- 
tion, job training for business or industry, and 
nonmiiitary Government training are general- 
ly more similar to the military's educational 
goals and priorities than is education in ele- 
mentary and secondary school systems. 
Measures of effectiveness may vary between 
the fnilitary and civilian institution3. Military 
research on computer-based instruction, for 
example, has emphasized saving student 
training time while maintaining constant 
achievement. Nonmiiitary research generally 
emphasizes increasing the amount of achieve- 
ment while keeping the length of courses con- 
stant. 



Computer-Managed 
Instruction 

In computer-managed instruction (CM I), learn-, 
ing takes place away from the computer. The com- 
puter scores tests, interprets results, advises the 
student what to do next, and manages student rec- 
ords and administrative information. 

Advanced Instructional System. The Air 
Force's Advanced Instructional System (AIS) is 
an example of a military CMI system. It is a large- 
scale, prototypical computer-based education sys- 
tem installed at the Air Force Technical Training 
Center, Lowry AFB, Denver, Colo. The present 
version consists of 50 student terminals, 11 man- 
agement terminals, and a CDC CYBER 73-16 com- 
puter that can support up to 3,000 students a day 
in four courses: inventory management, material 
facilities, precision measuring equipment, and 
weapons mechanics. These courses were selected 
to represent a cross-section of the technical ti'ain- 
ing courses at Lowry, and they serve about 25 per- 
cent of the base's student body. Management ter- 
minals provide computer-assisted instruction 
(CAI) services for use by ins^ctors (for develop- 
ing or revising lessons and fw retrieving data col- 
lected by the system). The system could be ex- 
panded to provided CAI services to students. 

The AIS was designed with two objectives in 
mind: 1) to develop and implement an individual- 
ized, computer-based training system in an opera- 
tional military training environment; and 2) to pro- 
vide a testbed for computer-based educational 
R&D. It includes over 700 student carrels and 500 
media devices that permit the instructional deliv- 
ery device (soimd-slide, filmstrip, programed text, 



etc.y to be adapted to the individual student. For 
example, a slow reader might learn more efficiently 
via,, audiovisual presentation rather than via 
printed text;. With instructional content duplicated 
across delivery n^edia, the computer assigns mate- 
rial and devices according to student aptitudes 
?ind preference^, as well as by resource availabil- 
ity. The actual allocation of media in the AIS 1$ 
55 percent printed materials, 35 percent audiovisu- 
al presentation, and ID^ercent CAI. 

The AIS computer provides three main support 
functions: 1) administration and management (re- 
source allocation, mqfterials development,Tecord- 
keeping, and report/ix)ster generation); 2) instruc- 
tion (student predictions, individual and team les- 
son assignment, test scoring, and delivery of in- 
struction); and 3) data analysis/research (automat- 
ic data accumulation, samplinglcapability for sta- 
tistical analysis, and standard statistical analysis 
progr£Uns). The computer thus takes over the ma- 
jority of the managerial functions of the instruc- 
tors, permitting them to concentrate on individual 
student instruction. 

Many measures were u^ed to evaluate the AIS, 
including costs, student and instructor attitudes, 
attrition rates, and the ratings of AIS students in 
their post-school jobs. In most cases, pomparisbns . 
were made between AIS students and pre- AIS stu- 
dents in the same courses. Cost savings estimates 
were made by the Air Training Conmaand man- 
power accounting personnel. 

AIS results have been documented in several 
technical reports issued by the Air Force Human 
Resources Laboratory. In general, AIS students' 
achievement have been equal to or greater than 
non-AIS students— with net time savings of 15 tp 
40 percent, depending on the course evaluated. 
Maximum savings have been achieved in the low- 
er-level, routine courses. Overall cost analysis 
shows that the system was totally amortized by 
January 1979, in a period of only 2V2 years. This 
complete recovery bf costs through savings in stu- 
dent instructional time is particiilarly noteworthy 
considering the extensive R&D costs included for 
research purposes. The AIS suggests ,that large- 
scale implementations of CMI would be cost effec- 
tive. 

Student attitudes were clearly very positive. The 
students felt that they had more Opportunity to 
talk individuadly with their instructors than in con- 
ventional courses (61 percent), that the self-paced 
instruction was a good use of their time (77 per- 
cent), that they preferred AIS instructions to lec- 
tures (55 percent), and that the instructors were 
available whenever they needed them (73 percent). 
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instructor attitudes, on the other hand, tended 
to be negative in general. They felt threatened and 
missed the ego-bolstmng lecture method. Course 
attrition rates overall tended to rise slightly 
through the first 6 years of AIS implementation 
from a pre-AIS baseline of about 4 percent in 1974 
to slightly over 5 percent through 1978. Attrition 
rates, it should be noted, are very sensitive to pol- 
icy changes. The supervisors of AIS graduates re- 
ported satisfaction with their performance. The 
ratings of AID graduates were significantly higher 
than comparable ratings of pre-AIS students. A 
sample of 199 supervisors rated the performance 
of their AIS graduates as follows: 



Excellent 26 percent 

Very Satisfactory 34 percent 

Satisfactory . 37 percent 

Marginal 4 percent 

Unsatisfactory 0 percent 



Overall, the AIS appears to be a successful, 
large-scale implementation of CMI. McDonnell 
Douglas^orp. is currently modifying the system 
to be transportable, to operate on smaller comput- 
ers, and to be marketable to the Canadian armed 
services and to U.S. civilians. 

Job-Oriented Basic Skills 
Training 

Schools traditionally have 12 years to equip stu- 
dents with the Ijpvel of skills necessary for them 
to function as adults in jobs or in furdier educa- 
tion. For the most part, schools are successful in 
their approach to imparting necessary basic skills 
for adult life. Fewer than 10 percent of those who 
-have completed 12 or more years of schooling are 
severely deficient in their application of skills to 
practical tasks, as estimated by a 1976 adult per- 
formance levi^l study.^ 

However, a substantial number of people either 
do not conq)lete 12 years of school, or do so with- 
out gaining the requisite mastery of necessary ba- 
sic skills for adult life or career performance. The 
services have had to cope with the critical prob- 
lems presented when large influxes of poor read- 
. ers entered the armed services, for instance, dur- 
,ing Project 100,000. The traditional approach to 
remediate the problems of adults with insufficient 
basic skills for career success has been a continua- 
tion of the school general-literacy program. 

However, traditional literacy training by the mil- 
itary has not been demonstrably successful. The 



'Adult Performance Level Project Staff, Adult FunctioDMl Competett- 
cy: A SumiDMry (AuAin, Tex.: Univiersity of Texas, 1975). 



most direct way to ensure that an individual can 
cope with specific military skill applications (to 
cope with a military career or environment) is to 
teach these applications or ones as simil&r to them 
$s possible. For these reasons, the military has 
sponsorefd R&D leading to a technology for job- 
oriented basic skills or remedial literacy training. 

A considerable investment in basic skills pro- 
grams has also })een made. As indicated in a De- 
partment of Defense (DOD) study, during fiscal 
year 1979 approximately $66 million and an enipU-. 
ment of 1^0,000 were allotted to basic-skills edu- 
cation.* The military has a high demand for listen- 
ing, reading, writing, and arithmetic skills. Read- 
' ing levels of material, for example, average in the 
10-13 grade level raoige. This far exceeds the read- 
ing skill levels of many military enlistees as well 
as much of the civilian youth population. 

Thus, there are a variety of basic skills programs 
in DOD and the four services. Pre-enlistment pro- 
grams, such as referral to civilian adult basic edu- 
. cation and English as a second language (ESOL) 
programs, are sponsored by DOD fof applicants 
who do not meet service enUstmentrequirements. 
All of the services haive some form of basic-skills 
education available from the time the new recruit 
enters the service. One such program is the Air 
Force PLATO SIP (Skills In5)rovement Program), 
which uses CAI to inqirove the reading skills of 
medical personnel and the math skills of main- 
tenance technicians. 

Project FLIT. Project FLIT, a job-oriented, or 
functional literacy program, is being developed 
imder Army support. Work on this program was 
started in 1967 and is ongoing. Military job liter- 
acy tasks are really quite different from reading 
sidlls Implications pr&cticed in traditional schools. 
For example, schools emphasize "reading to learn" 
while military job tasks involve "readkig to do" 
(e.g., finding specific information or following di- 
rections). While schools test memory for what is 
read with closed book tests, military job tasks are 
generally performed in the presence of the written 
material, which is consulted frequently. 

Researchers attempted to estimate the actual lit* 
eracy demands of military jobs. One product of 
this research was the FORECAST reacUibility for- 
mula, which was developed using Army job read- 
ing material and an adult Army recruit population. 
Another product was a "Guidebook for the Devel- 
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opment of Army Training Literature."* This 
manual attempted to h6lp Army writers create 
performanoe-oriented training materials written at 
an appropriate level for Army readers and (xiented 
to identified job reading tasks. 

Project FLIT provides training in identified 
Arniy reading tadLS using actual Am^ materials. 
It was extensivefy'field tested and was found to 
result in gains in the performance of the job4;asks 
trained The ideas and techniques of the FLIT pro- 
gram were incorporated in a job-oriented reading 
program (JORP) for the Air Force, targeted at a 
different population and using different materials, 
a program also field tested with some success. Ex- 
pansion of this program to include all ''problem" 
job fidds in the Air Force is being considered. The 
Navy JOBS program, a remed^al program de- 
signed to prepare motivated, but otherwise ineligi- 
ble, people for technical training is also a product 
of this technology. An additional product is a 
prototype job reader's task test developed for the 
Army and now being modified and reformed. 

PREST Program. In the future, the services 
may be forced to enlist a greater number of mar- 
ginally qualified recruits because of manpower 
shortages. In response to this, the Navy is expand- 
ing its Academic Remedial Training (ART). The 
Chief of Naval Education and Training contracted 
for the development and testing of a computer- 
based approach k|iown as the Performance- 
Related Enabling Skills Training (PREST) pro- 
gram. PREST involves on-line reading and study 
skills instruction via the PLATO system, aug- 
mented by Navy-related off-line drill and practice. 
An automated system such as this was thought 
to be an attractive alternative to increasing the 
number of instructors. 

A 1980 cost analysis showed the automated pro- 
gram to be less cost effective than increasing the 
number of military instructors. The usage charge 
for PLATO with its centralized mainframe was 
found to be the chief reason. This difference in cost 
should, however, steadily decline in future years. 
Advances in computer technology will make stand- 
alone systems more attractive economically than 
the centralized mainframe for this type of fixed in- 
struction. In addition to projefct PREST, Kavy 
R&D efforts are under way to examine the feasi- 
bility of teaching phonics by a computer-driven 
voice synthesizer. If this is successful, there are 

•R. p. Kmn, T. G. SUcht D. W«1U^ and R. N. Hanke, Qwdabook for 
tb§ Dev^hpmmit of Army Tnining iJtm-mtun (Arlington. Vt.: V.&J 
Army RMMrch Indbituto for Uw B«h«Wral and Social Sdencea, No- 



plans to computerize vocabulary development, 
reading comprehension, and study slcpls.'' 

Simulation Programs ! 

Flight training simulations are exb^opely varied 
in scope, purpose, and fidelity of Ife^m. They 
save expense and training time becliude the simu- 
lator can be repositioned to some starting point 
in flight without taking the actual tiioe and fuel 
to fly there. Moreover, simulators prqvide the op- 
portunity to interrupt the flight at any point to 
give the student inm^ate feedback on particular 
aspects of pilot performance. Final^ the simula- 
tor can be used for training in emergency maneu- 
vers that are inherently datagerous to actually 
attempt. 

In 1970, the U.S. Air Force Humari Resources 
Laboratory's Advanced Systems .Division con- 
tracted with the Singer Co. to build the most 
sophisticated flight simulator yet deviieidt the Ad- 
vanced Simulator for Pilot Training (ASPT). Un- 
like other simulators, it was intended for research 
as well as for flight training, giving i^ a multipur- 
pose potential for transference of research results 
to the civilian sector. / 

* The Army Research Institute for %e Behavioral 
and Social Sciences (ARI) is eqgaged in the devel- 
opment of comput^assisted simulation of tactical 
communications as part of an overall effort in the 
area of simulation-based training systems. This ef- 
fort will provide the Army with the capability to 
simulate batitlefieki communications between lead- 
ers in the fidd and support personnel, such as artil- 
lery fire direction controllers, and the superior d&d 
subordinate commanders. Battlefield communica- 
tions are typically very structured and stereo- 
typed. For instance, the exchanges between an ar- 
tillery forward observer in the field and the fire 
direction controller are specified in Army regula- 
tions. 

Training simulations are used to replicate many 
'military situations— from tank driving to elabo- 
rate ship docking. The Army tank driver simula- 
tors are fully automatic and include audiovisual 
as well as motion cues. Such devices simulate mal- 
functions such as brake failure or engine shut- 
down. Many of these procedures and malfunctions 
appear more than once throughout the programs* 
and thus allow for repeated practice. The device 
also simulates such activities as driving up hills 
and over obstacles. 

^R. A. Withv. Computur-AMidMUd UUracy butructioa in Pboniet 
(NPRDC TR 80-21) San Diego, Calif.: Ntvy PiraonMl RMMrch. May 

1981. 
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In maintenance simulation, the Navy through 
the NPRDC is developing an Electronic Equip- 
ment Maintenance System that will simulate elec- 
tronic receiver and radar systems, using a micro- 
processor. This system shows promise in facilitat- 
ing the management of troubleshooting problems 
through electronic equipment. NPRDC has also 
developed a program that teaches how to solve 
dynamic problems involving the variational anal- 
ysis of current flow in complex electronic drcmts. 

The interchangabihty of technology transfer is 
demonstrated throu^ the Army's adaptation of 
a conmierdal coin-operated game by Atari called 
'"Battlezone" to train tank operators. ''Battle- 
zone' ' is a three-dimensional war game in which the 
operatcx* moves around the battlefield at will and 
shoots at targets as they appear. Because the 
game is very realistic, trainees' reflexes and oper- 
ating skills are improved with practica Atcui has 
redesigned the keyboard to mimic an actucd con- 
trol panel and realistically simulate the actions of 
a tank. 

Video Diskd in IVlilitary Training 

The military services, particularly the Army, 
have been very active in video disk research. Most 
of this work has been initiated or coordinated by 
the Army Communicative. Technology Office 
(ACTO) at Fort Eustis, Va. ACTO's mission is to 
get the Army ''off paper" and into electronic me- 
^^dia for storage and communication. Both the 
'^Defense Advanced Research Projects Agency 
(DARPA) and ARI have also supported a number 
of video disk research projects for training pur- 
poses. 

One of the first ACTO projects was a ''Call for 
Fire" disk that demonstrated the potential of vid- 
eo disk for packaging multimedia self-study train- 
ing materials. This disk involved a specially de- 
signed computer^ntroUed video disk system. A 
number of different existing training materials 
(field manuals, training extension course les^dns, 
video tapes, films, and skill qualification tests) 
used to train forward observer skills were inte- 
grated on a single video disk, a good illustration 
of the economy of video disk storage. Cost studies 
conducted for ACTO around this integrated train- 
ing package indicated that it would result in sav- 
ings over the existing materials on the basis of re- 
ductions in duplication and distribution costs 
alone. 

A second innovative use is the SIDE (Soldier In- 
formation Delivery Equipment) project, which in- 
volves the use of video disk for tank turret main- 



tenance training. This project utilizes a computer- 
controlled video disk system called TMIS (Train- 
ing Management Information System). Video disk 
is used to store the contents of a large voliune (that 
is, thousands of pages) of maintenance manuals 
and skill performance aids. By means of a 6-inch 
cathode ray display tube connected by cable to the 
TMIS computer/video disk station, soldiers are 
able to use the system while actually doing main- 
tenance inside a tank. With their electronic mainte- 
nance manuals, the trainees have more informa- 
tion at their fingertips than would normally be 
possible in the confined space of a tank turret. 

A third innovative project is the use of video 
disk for a satellite communiCatioiis ground station 
repair course (MOS 26Y10) at the U.S. Army Sig- 
nal Center, Fort Gordon, Get.* The satellite commu- 
nications equipment needed for the course costs 
about $12 million, and each repair involves $200 
to $2,000 worth of parts. There is a great need to 
minimize equipment usage by unskilled students 
wherever possible The video disk provides low- 
cost hands-on equipment and repair practice with- 
out using the actual equipment or parts. A light- 
pen is used by students to identify switches, select 
switch positions, plug in jacks, or indicate faulty 
parts to be replaced. In additicm to reducing the 
need for actual equipment, it is now possible to 
measure student performance in accuracy or speed 
and to provide feedba^ while the student is learn- 
ing. 

Yet another innovative effort is the Video Disk 
Interpersonal Skills Training and Assessment 
(VISTA) project at Fort Benning, Ga. VISTA in- 
volves the study of interactive video disk for lead- 
ership training and assessment. It is used in a two- 
screen paradigm to present conflict scenarios that 
might arise between an officer and a subordinate. 
The of ficer trainee or candidate is first presented 
with a d3n3amic, visually simulated situation, in- 
cluding the initifid remark of the subordinate oi^ the 
screen. The trainee must select a response with the 
lightpen from four options presented visually on 
the screen control The trainee then sees the subor- 
dinate's reaction to this response on the color 
monitor. 

The disk features two modes: an experimental 
mode in which the interaction simply proceeds on 
the basis of the responses and a pedagogical mode 
in which feedback is inunediately provided on the 
appropriateness of the response selected. A total 
of eight disks are planned that will provide over 
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100 leadership scenarios. A major use of these 
disl^s is sfen to be an effective, objective, and in- 
expensive assessment of officer candidates.* 

A number of other application areas are being 
explored by the Army. One area is the use of video 
disk for recruiting. The Joint Optical Information 
Service (JOINS) dlows local recruiters to show vis- 
ually what type of duties and training are associ- 
ated with a spledfic military occupational specialty 
(MOS).^Currently, some30 MOSs are available on 
JOINSO^ In the equipment simulation areas, 
WICAT, Inc. hSfi devdoped an electronics trouble- 
shooting' video dftk for the Hawk missile system. 
Perceptronics Inc. has developed a videa disk- 
based simulation for the M60 tank gunnery train- 
ing. Both of*these projects were supported by 
DARPA. 

A number of video disk projects are also under 
way in the basic skills area The U.S. Army Europe 
is supporting the development of functional liter- 
acy instruction using a particular job category 
(MOS 63, Vehicle Maintenance) as a focus. Also, 
DARPA is exploring the use of the video disk- 
based Spatial Data Management System (SDMS), 
originMy developed at the Massachusetts Insti- 
tute of Technology for training in various life-cop- 
ing skill areas (e.g.. spatial orientation, study 
slJlls, listening). 

In addition to these application projects, which 
have resulted in the development of actual video 
disks, the Army and DOD have support^ re- 
search projects that explore theoretical or proce- 
dural aspects of the technology. For example, ARI 
has supported studies of how video disk relates to 
N the standard instructional system development 
methods used to develop training materials in the 
military. The Navy supported an early study, of 



•F. N. Dy«r. et al.. "Intwtctive Video for Interpersonal Skills Train- 
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video disk authoring approaches." ACTO has sup- 
ported research on the electronic conversion of 
print media to video disk and the optional presen- 
tation features for electronic delivery systems. 
(See table A-7 for a sunyaSary of these applica- 
tions.) 

These research projects have all involved inter- 
action between a number of different Army/DOD 
agencies and contractors. They have also involved 
a variety of different hardware configurations. It 
is noteworthy that all of the video dijsk applica- 
tions discussed have involved externally pro- 
gramed interactive cf^ability. Although the Army 
has conduct^ a few projects with manual and in- 
ternally programed interactive video -disks (not 
discussed here), it appears that the Army believes 
the type of interactive capability provided by ex- 
ternal microcomputer control is necessary for the 
instructional applications involved in military 
training. In contrast, industrial training applica- 
tions have focused on the manual and internally 
programed level of interactive video disks, possi- 
bly because industry cannot afford the greater 
costs of an externally controlled system. 



Direct To The Home 

All of the information technologies currently 
used by schools, the military, libraries, museums, 
and industry can also be used in the home. The in- 
creasing availability of these technologies coupled 
with their rapidly declining cost, presents a unique 
opportunity for learning in the home. While most 
of the present applications have been directed at 
a specific age group, the focus is now shifting to 
provide programs for more diverse populations. 
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Tabia Summary of Military VIdao Disk Projects 



Projact 



Groups involved 



Call for firs ACTO/WICAT Inc. 

SIDE ACTO/Hughes Aircraft 

MOS 26410 ACTO/Signal School 

VIStA ARI/ACTOrrDI LItton-Mellonlcs 

JOINS ACTO/Recrulting Cmd. 

IHAWK DARPAAiOlCAT Inc. 

LCP-I ARI/Perceptronlcs Inc. 

MOS 63 USAEUR/Unlverslty Utah/ 

University Maryland 

SDMS ARI/DARPA/HumRRO 



Hardware Involved (pKyer, microcomputer) 



Magnavox, Pascal MIcroEnglne (custom) 
Thompson, Hughes (custom) 
DVA 7620. Apple II 
DVA 7820, Apple II 
DVA 7820» Apple II 

DVA 7820, Pascal MIcroEnglne (custom) 
DVA 7820. ? (custom) 
DVA 7820, Apple II 

DVA 7820, Cromeco (custom) 



SOURCE: OfHca of Tachnolofly Aaaaaamant. 
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FindingB 

• There has been a dramatic increase of micro- 
processors, hand-held devices, and information 
services provided via cable or public television 
in the home. 

* Educational products and services are increas- 
ingly being nsiarketed directly to the home. 

* In response to market forces, these educational 
products and services are targeted predom- 
inantly at professionals and families with rel- 
atively large disposable incomes. 

• As with other educational markets, there is a 
need for materials that review and evaluate 
these products and services. 

Adult IVf arket 

An estimated 37,000 to 73,000 adults participate 
in some sort of educational program. Adult pro- 
grams are offered in a wide variety of institutional 
settings— in elementary and secondary schools, 
universities, private institutions, businesses, li- 
braries, and museums. Adults, the fastest grow- 
ing segment of American society, represent a po- 
tentially large sector, of the educational market. 
However, while many adults might benefit from 
continuing education, a large proportion of them 
have, as yet, remained uninvolved. 

Apart from their number, there are several rea- 
sons why adults migh^:;be expected to constitute 
a growing sector of the educational market: 

• Approximately one-third of aU American 
adults are changing or considering changing 
their careers and realize the need for addi- 
tional education. 

• More and more States require additional 
educational programs for professionals; e.g., 
for decertification of physicians. Continuing 
education has become one condition for license 
renewal in many areas. 

• Within certain fields, education requirements 
are being upgraded, increasing the need for 
continued education.* 

Adult participation in instructional activities 
has been limited by situational, dispositional, and 
institutional factors. Situational barriers are, for 
example, lack of money, insufficient time because 
of job and home responsibilities, lack of child care, 
and lack of transportation. Attitudes and self-per- 
ceptions form the basis of dispositional barriers. 
Thus, an aged person may feel incapable of l^am- 



'Publk BrOMic«niii« Swice. "Profram Swict, Swtion IV» Exhibit 
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ing or a hi^ school dropout may feel inadequate- 
ly prepared in basic knowledge to do well in an- 
other formal instructional setting. Institutional 
barriers are exemplified by high tuition charges, 
inconvenient schedunng of courses, and the lack 
of student services geared 4x> adult needs. Educa- 
tional services delivered directly to the home via 
both existing and new technologies may overcome 
many of these barriers.' 

InBtructional Television 

In an innovative effortto capture this expanding 
market, 600 colleges and universities in coopera- 
tion with the Public Broadcasting Service (PBS) 
provide college courses for credit via local public 
service stations. These courses are aired national- 
ly by over 200 stations (80 percent of the public 
TV stations). Although institutions and stations 
can choose from up to nine programs, most offer 
two per semester. In the fall of 1981, enrollments 
exceeded 20,000. An increase was expected for the 
spring semester. 

Recognizing the large, virtually unte^ped home 
market, PBS has already designed courses for the 
undergraduate student, and, in the Dear future, 
plans to provide informal learning courses as well 
as professional and c€u*eer development programs. 
Cxirrent courses, such as ''The American Short 
Story" and "Personal Finance and Money Man- 
agement," are of both general and professional in- 
terest. Colleges and universities participating in 
the program provide materials and counselors on 
campus, and give midterm and final examinations. 
They pay PBS a licensing fee and a small charge 
per student enroQed. The student pays approxi- 
mately $160 per course, .which covers materials.' 

PBS is not alone in providing educational serv- 
ices via television. Community colleges such as 
those in the Coast Community College District, 
Dallas Commimity College District, and Miami- 
Dade Community College District have also been 
actively involved in instructional television en- 
deavors. Cable television companies also supply 
educational materials nationwide Columbia Cable- 
vision of Westchester Inc., and Qube, in Colum- 
bus, Ohio, offer courses with an interactive capa- 
bility that allow students in the home to answer 

■C. D9dt, PotmntiMl Clienta for BducMtiontJ Smvicm DeUvmd by Id^ 
formatioB TtchDology, contractor report to OTA, March 1981. 

'Public Broadcasting S«^ce. PTV-d/ Adult Programinc Departmmt. 
Background Papv on th$ Partntrthip Bmtwma PubUc T\fleviMhn and 
Higlmr EducMtioD to Dt/Zvar Adult Lamming Courwm, Waahington, 
D.C., n,d.; and Public Broadcaating Sarvica, Adult Ltmming Program- 
ing Scimduk Fact Sbaat for CoUagaa and Univaraitiaa for FaU 1981, 
Waahington. D.C., n.d. 
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questions poeed by the instructor in the classroom, 
Qube (Warner Amex) curraitly has 50,000 sub- 
scribes, approximately 34.000 of whom receive ij^ 
interactive programs.* This company offers 
courses for credit from foiu- institutions: Ohio 
State University, Capital University, Columbus 
Technical Institute, and Franklin Institute. Be- 
cause of its interactive capabilities, the Qube sys- 
tem is educationally imique. 

A proposal that could greatly expand education- 
al services in the home is now under consideration 
by PBS. The proposed National Narrowcast 
Service" would establish a resource to nationally 
distribute educational, professional training, cul- 
tural, and information video materials. This serv- 
ice would also alter the local PBS stations* role, 
transforming them into local telecommunications 
centers. Using a satdlite distribution system to 
interconnect local PBS stations, and Instructional 
Television Fixed Service (ITFS)* to connect the 
stations, colleges, and other users, programing in 
the following areas would be available: 

Training material in special skills; safety pro- ' 
" grams; material designed for rehabilitation of the 
aged, infirm, or mentally disturbed; clinical studies; 
new arts and crafts; material intended to keep pro- 
fessional and semi-professional people Hibreaat of the 
state-of-the-art in various fields; in-service training 
for teachers; instructional material for purposes of 
entertaimnent or cultural advancement.* 

Multimedia Instruction 

The School of Management and Strategic Stud- 
ies of the Western Behavioral Sciences Institute 
offers a management program that relies heavily 
on information technology. The program is de- 
signed for executives in the private and public sec- 
tors (Federal and nonprofit). Following a short 
study program in LaJoUa. Calif., participants con- 
tinue their studies via on-line services, telephone 
conversatk)ns, teleconferencing, and electronic 
mail. The terminals and other equipment are in- 
cluded in the cost of tuition and are retained by 
the user at the conclusion of the formal program. 
Participants install the technology in their homes 
or offices. This approach has a number of benefits: 
the participants continue to work for their spon- 
soring organization throu^out the course of 



•LINK. aunmyofS^Ud U.R Vidm>Ux/TmyW»y CATV/Ttktsxt 
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Study (thus, no work time is lost); information 
gained from the program pan be employed inunedi- 
ately in a working environment; the users become 
familiar with the technology, which is not usually 
the case for most higher levd executives; and users 
are networking with both members of theprogram 
and with others following completion of the pro- 
gram.* 

Electronic Learning Devices 

Approximately 18 million electronic devices- 
microprocessor games such as ''electronic base- 
ball" and hand*held devices such as Speak and 
Spell-were sold between 1979 and 1980. Typical- 
ly, the price for these games ranges from $10 to 
$3,000, the cost of a microcomputer. Users of these 
devices can be as young as four, or they can be 
adults. The growth of this market has been rapid 
and impressive. Altlwugh these games and learn- 
ing devices were not introduced until the mid to 
late 1970*s, there are a vast number on the market. 
While OTA has made no attempt to evaluate their 
effectiveness— and particularly the effectiveness 
of those designed for learning, their uses in the 
home will be briefly des(7ibed. 
- Given the relatively low cost of production and 
a growing (lesire by parents for enhanced educa- 
tional services, the market for microprocessor 
games has grown so fast that some major manu- 
facturers been unable to keejj^up with it. Sales of 
nonvid^ dectronic games have skyrocketed from 
$20 million m 1977 to $1 billion in 1980.' The ex- 
perience of Texas Instruments in the home market 
provides some insight into the development of 
learning technologies. One of the early leaders in 
this field, Texas Instruments originally sought to 
develop a market in schools and not in the home. 
Their first product was a Texas Instrument calcu- 
lator accompanied by a package of instructional 
materials that was designed to assist teachers and 
students in the classroom. With it the company 
hoped to demonstrate the use of the calculator as 
a learning device. Although this initial package 
was unsuccessful, it led the company to focus on 
the home market and to market directly to the in- 
dividual consumer. Their next product. Little Pro- 
fessor, was a hand-held device that provides a 
series of mathematical problems and answers de- 
signed to become increasingly difficult Since the 
introduction of Little Professor, Texas Instru- 
ments has developed and successfully marketed 
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several aimilar games. One of these, Speak and 
Spell, differs from earlier games in that it has a 
synthesized voice that helps the user to spell. 

Other manufacturers have also introduced math- 
. ematical games— e.g?, National Semiconductor's 
Quiz Kid. There are also other kinds of hand>held 
learning devices such as Coleco's Quiz Wiz, a 
multiple-choice game which asks and provides 
^ answers to 1,001 questions on a wide variety of 
subjects such as sports, movies, television, and 
history. 

Video Disk 

Since the video disk is relatively new, there are 
very few examples that demonstrate its education- 
al applications in the home. Disks that are avail- 
able for school use are, however, equally applicable 
for use in the home. Some examples of these are 
the films of Jacques Cousteau, the National Gal- 
lery's art masterpieces, movies such as 'Tom 
Sawyer" or * 'Better Tennis in 30 Minutes." 

The first video disk desi^^ied specifically for chil- 
dren, the "First National Kiddisc,** is an interac- 
tive video disk produced by Optical Programing 
Associates. It allows for individually paced in- 
struction. Games on this disk include The Flag 
Game, in which the user identifies national flags, 
^ and A Trip to the Zoo, by which the child can learn 
to identify 40 animals. Another section of the disk 
uses the unique two^hannel audio available on the 
video disk players to explain pig latin. On one 
channel a child on camera explains in pig latin how 
to speak pig latin; on the other channel there is 
a voice-over translation. In a section on. sign lan- 
guage, the manual alphabet is taught by showing 
the sequence in slow motion. 

Publishers of educational materials and others 
are currently planning new video disk projects. 
Walt Disney Production, Children's Television 
Workshop, and Scholastic Productions as well as 
encyclopedia publishers are among those who plan 
to utilize this new technology. 

In addition. Arete Publishing in cooperation 
with thp International Institute for Applied Tech- 
nology (II AT) has produced an experimental inter- 
active optical video disk with information from 
Arete*s American Academic Encyclopedia. Sound 
and films were added to articles and iUustrations 
chosen from the encyclopedia. The more than 20 
segments on the video disk demonstrate the capa- 
bilities of the technology. Starting from a general 
section on the speciee of dinosaurs, a user may 
branch off to ^d more infcM^ation about a 
specific type of dinosaur. The segment on Ludwig 



von Beethoven presents his biography, illustra- 
tions of his life and musical scores, and musical 
segments from the composer's works. Designed to 
be experimental, this disk does not yet cover all 
21 volumes of the encylopedia, although ARETE 
hopes to put the entire encyclopedia on disk in the 
future. Still in the research and development 
phase, these disks are not conmiercially available 
for use in the home. When they come on the mar* 
ket, each disk wiU cost about $600. After purchas- 
ing a disk, each year the consimaer can exchange 
it for an updated version for about $100.' 

Impacts of Information 
Technology 

Of all the information technologies available for 
the home, the personal computer is the one that 
is expected to have the greatest use and for which 
there is expected to be the largest and fastest 
growing market. Furthermore, the microcon^iuter, 
in conjunction with other technologies such as the 
video disk or two-way interactive cable, appears 
to have the greatest potential for home use. 

With the increasing use of microcomputers in 
the home, the educational applications are grow- 
ing at a fast paca The personal computer market 
was estimated to be a $L6 billion to $2 billion in- 
dustry in 1981. One recent figure notes that the 
home market accounts for over $100 million in 
sales of both hardware and software.* The number 
of personal computers purchased between 1977 
and 1980 was estimated at around 1 million, and 
a similar figure was estimated for sales in 1981. 
Sales are expected to increase substantially for 
several reasons: greater exposure to the technol- 
ogy in the schools or in business, the introduction 
of cable services, the availability of information 
resources such as The Source and Dow Jones/ 
Retrieval Service, the development of more con- 
sumer-oriented software, and the declining cost of 
the microcomputer.*® Also, manufactiirers will^ 
actively marketing their equipment to the con- 
sumer. 

Together, these factors will lead to a serge in the 
market. Nficrocomputers are now available for as 
little as $100. At this price, the microcomputer can 
be used for games or simply to familianze the user 
with the technology. Advertising emphasizing the 
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educational applications in the home has increased 
enormously. In fact, these conunercials recall the 
earlier ones of the encyclopedia salesmen, their 
sales pitch being that the microcomputer will as- 
sist the student in school.** Moreover, the prolif- 
eration of computer stores and the retailing of the 
technology through department stores and the like 
has given rise to increased purchases. For exam- 
ple, Texas Instruments plans to sell their micro- 
computers through national chain stores such as 
J. C. Penney. 

The growing diversity of home applications such 
as gaming and word processing, and the develop- 
ment of fkiancial and statistical packages such as 
Visicak and others appeal to a wide range of users. 
One indication of this is the formation of a large 
number of computer clubs. All of the clubs swap 
hardware and software information. Some provide 
training sessions; some are affiliated with a specif- 
ic manufacturer (e.g., Crab Apples and Crab Pol- 
ishers); and some are directed at specific interests 
(e.g., Theater Computer Users in Dallas, Tex., and 
the Behavioral Sciences Specialists in Murfrees- 
boro, Tenn.** 

There are hundreds of software packages avail- 
able to assist students in all grades and age groups 
in many subjects such as mathematics, the sci- 
'ences, reading, writing, and spelling. The rapid ex- 
pansion of the personal computer market should 
result in a greatly increased volume of educational 
software together with a demand for evaluative 
materials. As in all other markets for educational 
software, there has been very little evaluation of 
new software. While there are catalogs for consum- 
ers, there are few reviews of most educational 
padcages. Users must depend for their evaluations 
on a limited number of sources: computer newslet- 
ters, computer magazines, an underground net- 
woi-k, and the few computer manufacturers who 
have begun to produce evaluative reports. 

Many analysts believe that the market for home 
and business microcomputers will be driven by the 
need to use the technology to retrieve information 
and to perform transactions. The technology al- 
lows a user to connect to on-line data bases and 
other services via a modem, a device that connects 
the microcomputff to a telephone line. Home users 
can now connect to services such as The Source, 
CompuServe, the Dow Jones News/Retrieval Serv- 
ice, and others. The Source, available through Tele- 
net and Tymnet packet switch networks, offers 
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games, electronic mail, news, the **electronic col- 
lege," and other services. The college, although 
limited to three courses this year, plans to expand 
its listings within the next few years. CompuServe, 
very sinSlar to The Source, acts with the Associ- 
ated r^ess as the system operator for 13 U.S. 
newspapers in an experiment of electronic news- 
paper delivery. Viewtron, a videotex experiment 
in Coral Gables, Fla., offered slightly different 
services to home users. Knight-Ridder Newspa- 
pers and AT&T sponsored news, shopping, travel, 
banking, games, learning aids, consumer advice, 
and more to over 700 sites via modified television 
sets. Similarly, Cox Cable Communications is de- 
veloping INDAX for use by its cable franchises. 

The introduction of cable services in the home 
will give rise to a large number of new educationjal 
projects. An estimated 28 percent of the homes in 
the United States are wired for cable. It is pre- 
dicted that 38 percent will be wired by 1985 and 
50 percent by 1990.** Educational servkes such as 
those provided by Cox Cable, Qube, and others are 
expected to ^ow quickly. 

Informaiion Technology and 
Special Education 

Technologies that are now being developed may 
offer great benefits to individuals that require 
special educational services— a group that includes 
the gifted and those with learning, physical, and 
emotional disabilities. Since special education is 
a field, and not an institution, OTA did not fully 
explore the uses, impact, and effects of these tech- 
nologies on special educational services. However, 
because the technologies will have a considerable 
effect on schools overall, OTA examined some of 
their applications for the gifted and handicapped. 

FindingB 

• Providing educational services for students with 
special needs is costly and requires more effort 
than providing for students in general 

• Information technologies will be particularly 
valuable to students with special needs because 
they will reduce the cost of their education and 
they will provide them self-paced, individualized 
instruction. 

• Using information technology could ease the 
financial and resource burdens placed on the 
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schools by laws mandating educa^on for the 
gifted and handicapped. 

• The overall cost of R&D to address the specific 
needs of this diverse group is very high, and in 
^ome instances, even prohibitive. Each disabil- 
ity may require a unique technological applica- 
tion. It has been suggested that increased Fed- 
eral funding is merited to support the R&D ef- 
forts needed to encourage the marketing of 
these technological applications. 

• Although a number of technological applica- 
tions to help handicapped persons are available, 
they have not been marketed because they are 
too costly. 

• Information technologies can help train many , 
handicapped {>ersons for productive work. 
Information technologies may offer greater ben- 
efits to the gifted and the handicapped than to any 
other segment of the education market. These stu- 
dents benefit from specialized individualization, a 
capability of many emerging instructional technol- 
ogies. For example, computer programs can be de- 
signed to translate? written material into speech 
that is understandable to the blind, or to instruct 
retarded children on a step-by-step basis. Overall, 
sui^h capabilities can help to make handicapped 
people more independent. Other types of programs 
can help maximize the abilities of gifted students. 
Recognition of the special needs of these two 
groups have led to the passage of two laws— Pub- 
lic Law 142 and Public Law 80-313. These laws re- 
quire that, using formula grants and preschool in- 
centive grants, handicapped and gifted children be 
provided with special services to be funded in part 
by the Federal (Government. 

Information technologies have several attri- 
butes that make them particularly useful for ad- 
dressing the special needs of gifted and handi- 
capped students. * Because their individual situa- 
tions vary significantly from case to case, these 
students most often need to have individualized 
instruction that can best be provided by highly 
specialized personnel. Thus, their education is gen- 
erally labor intensive, and very costly. The new in- 
formation technologies can provide self-paced and 
individualized instruction at a considerably lower 
cost. 

The cost and difficulties entailed in developing 
these technologies may, however, preclude their 
widespread application. Although the overall pop- 
ulation of gifted and handicapped students is sta- 
tistically large, it is very small when measured in 

(* Dodo. }*otoniml ChonUi for hUiucmtumml Serviccft Dcbvvrod by In 
formmtion Technology, rnntrartor report to OTA, M»rrh 1981 



terms of individual disabilities or needs. When de- 
signed to meet the needs of a particular group, 
these technologies can be too costly to produce.' 
Moreover, the time required from their develop- 
ment to their production may take as long as 20 
years.* For these reasons, it has often been pro- 
posed that the Federal Government provide sup- 
port for research and development in this area. 

Technology for Administration 

The use of information technology to administer 
special education programs is only now in the proc- 
ess of being developed, tested, and evaluated. 
There is a large potential for data management ai> 
plications in this field, particularly given the re- 
quirement that each student participate in Indi- 
vidualized Education Programs (lEP). An lEP de- 
fines a student's disability(ies) and appropriate 
education progfram. This exercise is a very time- 
consuming process that could be greatly facili- 
tated by the judicious use of information technol- 
ogy. Computerized diagnostic models are now 
being developed. One model, developed by Colum- 
bia Learning Systems, generates a computerized 
lEP based on diagnostic information supplied by 
specialists. It contains information about student 
needs, their areas of deficiencies and suggested 
ideas and ma^rial for remedying them. It also 
monitors the student's progress. Other programs 
such as these are becoming more and more com- 
mon.* 

The development of diagnostic remedial infor- 
mation technology procedures is relatively new in 
the United States. This type of program tracks 
students to discover their strengths and weak- 
nesses in specific skills and how they relate to a 
student's approach to a specific problem. This in- 
formation can then be used to determine a course 
of remedial action. Most diagnostic models are for 
mathematics.* 

Information technologies can also be used to 
schedule the handicapped if\ specialized workidc; 
or instructional groups using criteria such as m- 



'V W stem and M K Iloddon, Draft Cmo Study ofScioctod Tohcony 
munication I)ovico.'§ for the I)oaf. contractor report to OTA, Docombcr 
19H1 Much of tho work done to develop tclctypowritcrf! for the deaf 
waf! done on a volunteer baflis. donated by handicapped or concerned 
individualf! Tho prcjwnt rapid advances in information technology, 
along with decUning contfi. may reduce thia developmental time 

Mbid . p 11 

*M I.indsey. SUto-of thp-Art Report, C^mputcra and ttw Handicap- 
poii IModford. Orcg Northwest flogional Educational LaboraUiry. 
August 1981). p 133 There m. for example, the Organized Kenourco 
fUnk of IK!* Text (ORBIT), and Programing for Individualized Kduca 

tionUMK) 
Mbid . p 133 
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stnictional needs, student academic levels staff- 
ing requirements, and availabilty of staff and 
space/ 

Technology As Prosthetic 
Devices 

By enabling handicapped persons to speak 
through video and speech synthesizers, some infor- 
mation systems can serve as prosthetic devices. 
For example, the Total Talk Full Speech Computer 
Terminal, developed by Maryland Computer Serv- 
ices, converts computertransmitted data and in- 
formation into synthetic speech. The system has 
an unlimited vocabulary. It uses rules for enunci- 
ation, and inflectton for clarity. .Total Talk, which 
costs around $6,000, can provide two-way informa- 
tion. Similar devices, the VSS mtid ML-1 yok» syp- 
thesizers, developed by the Votrax Division ofv 
Federal Screw Works, produce electronically syn- \ 
thesized speech from a low-speed, digital input. 
Both of these systems are designed for persons 
with visual impairments, and both enable the uSiars 
to work in the areas of computer programing, in- 
formation processing, and information retrieval. 

Many such projects have been successfully in- 
troduced through joint efforts between the Federal 
Government and the private sector. One example 
is the caption decoder, developed under the spon- 
sorship of the Department of Health, Education, 
and Welfare (now the Department of Education), 
the Corporation for Public Broadcasting, the Na- 
tional Broadcasting Co., and the American Broad- 
casting Ca When attached to a television set, 
these decoders aDow deaf viewers to see captions 
on selected networks and programs. Costing $269, 
they are available through Sears, Roebuck, & Co.^ 

Another eximple is Optacon. This device, de- 
signed for the blind, produces images of printed 
letters using small, raised, vibrating wiree. With 
one hand the user guides the pick-up along the 
printed page, while the fingers of the other hand 
detect the images on a stationary device. The 
KurzweU Reader, also developed for use by the 
blind, ''reads" a page of text aloud, using elec- 
tronic voice synthesiS.'For these projects. Federal 
funds were invested in the R&D efforts as well as 
in purchasing equipment for the users.* 



Technology As Instructional 
Aids 

Information techndogies have many q>plica* 
tions as instructional aids. CAI, for instance, is 
used for»a numbed* of different handicaps or disa- 
bilities. Early use of CAI for the deaf began at the 
Institute for Mathematical Studies in the Social 
Sciences (IMSSS) at Stanford University. Assess- 
ments of this work with CAI show general in- 
creases in the mathematical skills of 3,000 deaf 
students. Nonspealdng autistic childr^ have also 
benefited from the use of CAI. Having witnessed 
a display of 1,000 different audiovisual experiences 
on irtelevision-like screen, 13 out of 17 children 
began to use some level of speech. The effective- 
ness of using a computer to teach extremely men- 
tally retarded children was also demonstrated, 
when substantial gains were noted in the reading 
ability of 40 children. 

In Chicago, students with hearing, visual, men- 
tal, or other learning disabilities have participated 
in a project sponsored by the South Metropolitan 
Association for Low Incidence Handicapped. The 
project used CAI programs— in math, reading, and 
the. language arts— that were prepared by the 
Computer Curriculum Corp. Although evaluations 
are still underway, stixlent progreuss has correlated 
with the amount of on-line access to programs. 

In an ongoing study at Utah State Umv^sity's 
Exceptional Child Center, computer and video 
disks are used with the mentally handicapped. The 
technologies allow for self-paced and individualized 
instruction. The project programs focus on dis- 
crimination between sizes, shapes, and colors; on 
telling time; on identification oifunctional words; 
and on the identification of colors. If successful, 
this project will not only assist mentally handi- 
capped nonreaders but also those with other disa- 
bilities.* 

To "encourage research in devising methods to 
assist handicapped individuals," NSF and Radio 
Shack sponsored a contest in the faU of 1981. Its 
purpose was to ''create a partnership between per- 
sonal computing and the rehabilitation, educa- 
tional, and handicapped conomunities."'^ There 
were 900 entries in the contest. A few sample proj- 
ects were: 



^Ibid.. p, 1^4. 

DipirtiiMat of Education, Th» Hktorieml RomofUm U.REhpMrtr 
Btmt of EducMtkm kt Aps^lyiaa Ekctnmk Tfchaohgy to EducmtioD 
(WMklMton. D.C.: DipfftOMat of EducaUon. F«bru«ry 1961). 

•ni4d. 



*It ThrokUdaon, W. K. BIckal and J. O. WUHami. "A MkrooompuUr/ 
VktoodiactlA] Syttam for tha ModvaUly MaotaUy Ratardad," Joiir^ 
^al of SpociBl EducMUoa TKhoohgy, vol 11. No. 8. tprtnc 1970. 

^•''PrUaa Awardad InBaarch for Microcofn|mtar Applftcatkma U> Aid 
Handicappad Paopla/' Ehctroak Lmmrning, vol. 1. No. S» 
Jamiary/Pabruary 1962, p. 12. 
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• A pocket*8ized computer to assist deaf people 
to communicate over telephone lines— a Radio 
Shack pocket computer with a coupler and a 
miniprinter. 

• An **Eye Tracker" to aid severely handi- 
capped individuals to express words via an in- 
frared camera and a computer. The camera 
notes the position of the user's eyes with a 
specific word and the computer "speaks" the 
word. 

• A computer thftt teaches deaf children to read 
lips by outlining lips, mouth, and tongue on 



a screen and then moving them to pronounce 
words. 

The aitries in the contest used off-the-shelf tech- 
nology. Most of the projects could be made avail- 
able immediately and would be of some use to a 
disabled person. The contest demonstrated that 
there is no immediate need for extensive R&D. 
What is needed instead is a way of identifying and 
encouraging the reformating of the technology to 
address the diverse needs of the handicapped pop- 
ulation. 
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